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DYNAMICS  OF  THE  POLAR  MESOPAUSE  AND  LOWER  THERMOSPHERE  REGION  AS 
OBSERVED  IN  THE  NIGHT  AIRGLOW  EMISSIONS 


SUMMARY 


This  work  utilizes  night  airglow  emissions  to  deduce  tern- 
peratures,  dynamics,  energetics,  transport  and  photochemistry 
of  the  polar  80-110  km  atmospheric  region.  The  morphological 
behaviour  of  the  polar  80-110  km  region  as  seen  In  the  night 
airglow  emissions  Is  best  described  by  quasi  regular  to  regu¬ 
lar  variations  in  the  temperature  and  In  the  Intensities  of 
the  emissions  with  periods  ranging  from  minutes  to  a  few 
days.  Temperature  amplitudes  are  seen  from  a  few  degrees  up 
to  ±50  K.  Intensity  changes  up  to  several  hundred  percent  may 
occur.  Gravity  waves  from  below  are  generally  found  to  be 
present  In  the  region,  being  responsible  for  much  of  the 
short  period  variations.  The  long  period  variations  are  seen 
to  be  related  to  circulation  changes  In  the  lower  atmosphere. 
Stratospheric  warmings  are  generally  associated  by  a  cooling 
of  the  80-110  km  region  by  a  ratio  approximately  twice  as 
large  In  amplitude  as  the  heating  at  the  10  mbar  level.  The 
semidiurnal  tide  Is  found  to  be  dominant  with  a  peak  to  peak 
amplitude  of  about  5  K,  in  contrast  to  model  calculations. 
Effects  from  geomagnetic  phenomena  on  the  energetics  and 
dynamics  of  the  region  are  not  seen,  and  if  present,  have  to 
be  small  or  rare  as  compared  to  the  Influence  from  below. 
There  is  a  mesopause  temperature  maximum  at  winter  solstice. 
Pronounced  differences  In  the  day  to  day  and  seasonal  beha¬ 
viour  of  the  odd  oxygen  associated  nlghtglows  at  the  North 
and  South  Pole  are  found.  This  may  Indicate  fundamental  dif¬ 
ferences  at  the  two  poles  In  the  winter  mesopause  region  cir¬ 
culation  and  energetics. 


1  INTRODUCTION  AND  OUTLINE 

The  upper  mesosphere,  mesopause  and  lower  thermosphere  region  (i.e. 
80-110  km)  hereafter  abbreviated  the  mesopause  region,  has  been  and 
still  Is  one  of  the  least  understood  and  Investigated  regions  of  our 
atmosphere.  (Romlck  et  al,  1986a;  Romlck  et  al ,  1986b;  Myrabe,  1987) 

The  main  reason  for  this  seems  to  have  been  the  relative  Inac- 
cessablllty  of  this  part  of  the  atmosphere  to  most  of  the  coronon 
atmospheric  measuring  techniques.  Further,  the  existing  observations 
have  been  almost  entirely  restricted  to  low  and  mid  latitudes. 
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A  basic  parameter,  such  as  the  temperature,  has  only  been  crudely 
known  in  the  polar  80-110  km  region.  As  an  example  of  this,  prior  to 
1983,  knowledge  of  temperatures  at  the  polar  mesopause  height  was 
mainly  based  on  a  few  sporadic  measurements  of  the  OH  night  airglow 
rotational  temperatures,  showing  temperatures  in  the  range  150-300  K 
(Myrabo  et  al ,  1983).  Together  with  a  small  number  of  rocketsonde  data 
from  Heiss  Island  (CIRA  1972),  these  constituted  our  observational 
information  of  the  atmospheric  temperature  profile  for  the  80-110  km 
region  in  the  polar  cap  area.  Seasonal  variations,  amplitudes  and  pha¬ 
ses  of  tides,  possible  effects  of  gravity  waves,  connection  to  stra¬ 
tospheric  warmings,  auroral  effects  and  the  influence  of  these  on  the 
energetics,  small  and  large  scale  dynamics  and  photochemistry  had 
barely  been  investigated.  Particularly  information  about  the  small 
scale  dynamical  phenomena,  being  dependent  on  continuous  ground  based 
monitoring,  was  lacking.  This  composed  a  serious  limitation  in  our 
understanding  of  the  polar  80-110  km  region  and  therefore  also  in  our 
understanding  of  the  polar  atmosphere  as  a  whole  (Romick  et  al ,  1986b; 
Myraba,  1986;  Myraba  et  al ,  1987). 

Consequently,  the  first  goal  of  this  work  was  to  gain  basic  knowledge 
of  the  polar  80-110  km  region,  starting  with  a  study  of  the  short  and 
long  term  (seasonal)  morphological  behaviour  of  the  temperatures  of 
the  region,  utilizing  currently  available  Instrumentation  that 
actually  operated  at  the  latitudes  in  question. 

To  resolve  the  short  term  dynamical  phenomena  and  to  obtain  the  needed 
temporal  coverage,  ground  based  operating  instrumentation  was  needed. 
The  only  available  gro  nd  based  Instrumentation  operating  within  the 
polar  cap,  potentially  capable  of  obtaining  temperatures  of  the  80-110 
km  region,  were  the  optical  spectrometers  of  the  Geophysical  Institute 
of  the  University  of  Alaska.  These  Instruments  had  operated  at 
Svalbard  (78°N)  for  some  years  to  study  the  high  latitude  and  dayside 
aurora  (Deehr  et  al,  1980).  A  spectrometrlc  data  base  was  present. 
Inspection  of  the  data  base  looked  promising.  Using  spectrometers  to 
measure  night  airglow  features  In  the  polar  cap,  and  to  obtain  the 
neutral  temperature  from  the  distribution  of  the  rotational  lines 
(Kvifte,  1959)  of  the  OH  and  (0-1)  Atm  band  emissions  seemed  thus 
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feasible.  However,  only  the  winter  80-110  km  region  could  be  studied 
by  this  approach,  due  to  the  limitation  in  the  observing  method,  i.e. 
mghtglow  cannot  be  observed  from  the  ground  in  the  twilight  and 
daylight  atmosphere.  In  the  polar  region  this  excluded  the  summer 
period  from  equinox  to  equinox. 

The  problem  with  contamination  by  auroral  emissions  faced  in  earlier 
high  latitude  air-glow  experiments  (Meriwether.  1975;  Kvifte,  1967)  was 
partly  solved  by  selecting  the  vibrational  bands,  by  monitoring  in  the 
same  spectra,  one  or  more  auroral  atomic  lines  directly  excited  by 
precipitating  particles  and  by  using  a  relatively  high  spectral  reso¬ 
lution.  In  addition,  the  observing  site  was  situated  in  the  polar  cap 
region  where  contaminations  from  the  aurora  was  mainly  by  atomic  lines 
and  less  frequent  than  in  the  auroral  zone  (Sivjee  and  Deehr,  1980; 
Gault  et  al,  1981). 

Also  the  ability  to  record  short  period  Intensity  variations  in  the 
emissions  became  greatly  Improved  In  the  1980s  due  to  new  detector 
development  (I.e.  GaAs  photomultipliers).  Short  time  period  dynamics 
could  thus  readily  be  studied  and  unwanted  effects  by  auroral  emission 
more  easily  restricted  to  fewer  spectra  and  thus  to  much  shorter  time 
intervals  than  had  been  feasible  earlier.  The  acquisition  and  reduc¬ 
tion  techniques  were  further  refined  to  give  reliable  temperatures 
from  nlghtglow  spectra  down  to  a  few  minutes  (Myrabe  et  al ,  1987), 
which  Is  comparable  with  the  Brunt  Valssalla  period  of  the  atmosphere 
in  the  80-110  km  region. 

The  second  objective  of  this  work  was  to  relate  the  experimental  data 
to  physical  phenomena  in  and  outside  the  80-110  km  region,  and  If 
possible  to  derive  connections  and  parameters  important  for  the  dyna¬ 
mical  and  photochemical  state  of  the  region.  The  presence  of  tides, 
gravity  wave  activity,  connections  to  stratwarms  etc  were  thus 
searched  for,  and  different  experimental  setups  were  designed  par¬ 
ticularly  to  be  optimal  for  studies  of  each  of  these  phenomena. 

The  detailed  scientific  results  of  the  research  are  given  in  ten 
separate  papers  included  in  this  report.  The  general  morphological 
behaviour  of  the  mesopause  region  as  seen  through  the  night  airglow 
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emissions  is  particularly,  but  not  exclusively,  depicted  in 
papers  4.2,  4.7,  4.8  and  4.9.  Evidence  and  effects  of  gravity  waves 
are  mainly  discussed  in  papers  4.1  and  4.5.  The  behaviour  of  the 
polar  mesopause  region  temperature  during  stratospheric  warmings  is 
reported  in  paper  4.4.  Additional  results  relevant  to  stratospheric 
wanning  events  are  found  in  papers  4.6  and  4.7.  Tidal  components  in 
the  temperatures  and  night  airglow  Intensities  are  discussed  in 
papers  4.2,  4.7  and  4.9.  In  paper  4.7  results  from  a  search  for  pos¬ 
sible  geomagnetic/auroral  interactions  with  the  mesopause  region  are 
reported.  This  is  also  touched  upon  in  papers  4.9  and  4.10.  Seasonal 
variations  are  mainly  dealt  with  in  paper  4.6,  4.7  and  4.10. 

Paper  4.10  also  treats  differences  in  the  morphological  behaviour  of 
the  odd  oxygen  associated  night  airglow  at  the  North  and  South  Polar 
regions.  References  made  in  the  first  three  sections  to  the  papers  in 
section  4  have  been  underlined. 


2  SUMMARY  OP  SCIENTIFIC  ACHIEVEMENTS 

As  a  result  of  this  work  one  may  conclude  that  the  dynamics  of  the 
polar  mesopause  region  and  Its  interaction  with  other  regions  of  the 
atmosphere  are  found  to  be  more  complex  than  previously  believed 
(Gartner  and  Meimieshelmer,  1984;  Offermann,  1985;  Forbes,  1982a;  Evans 
and  Nagy,  1981;  Holton,  1979).  Dynamics  is  here  mainly  manifested  in 
terms  of  temperature,  and  may  indirectly  be  related  to  density, 
pressure,  wind-velocity  etc. 


2.1  General  morphology 

At  Spitsbergen  (-  78°N,  geographic  latitude)  intensities  of  the  night 
airglow  emissions  from  different  OH  bands  and  from  the  O2  (0-1) 
atmospheric  band  together  with  deduced  temperatures  from  the  rota¬ 
tional  distributions  of  the  emissions  at  the  respective  emission 
heights,  l.e.  the  mesopause  region,  were  obtained.  The  measurements  of 
the  night  sky  covered  5  winter  seasons,  l.e.  from  autumn  1979  through 
spring  1984.  Intensities  and  temperatures  were  collected  on  time  sea- 
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les  from  a  few  minutes  to  hours  throughout  this  period.  For  part  of 
the  winter  season  1976  through  1978  mesopause  region  temperatures  were 
also  calculated  from  OH  night  airglow  data  at  Poker  Flats,  Alaska 
(~  65°N,  geographic  latitude). 

Both  from  the  Spitsbergen  and  Poker  Flats  data  it  is  found  that  the 
morphological  behaviour  of  the  polar  mesopause  region,  as  manifested 
in  the  deduced  temperatures  and  in  the  intensities  of  the  different 
emissions,  is  best  described  in  terms  of  quasi  regular  to  ii regular 
variations  (Myraba,  1984;  Myraba ,  1986).  Temperature  variations 
ranging  from  a  few  percent  to  tens  of  percent  (hundreds  in  the  inten¬ 
sities)  and  periods  lasting  from  minutes  to  several  days  are  seen. 

Time  Intervals  of  several  hours  void  of  significant  variations  are 
rare  (Myraba.  1986).  This  Is  In  contrast  to  the  morphology  of  the  tem¬ 
perature  variations  at  mid  and  low  latitudes  (Takahashi  and  Batista, 
1981;  Wiens,  1974;  Shefov  1969;  Takeuchl  et  al ,  1979;  Tarrago  and 
Chanin,  1982).  Consequently,  the  local  dynamics  and  the  larger  scale 
circulation  patterns  of  the  polar  mesopause  region  have  to  be  very 
different  from  those  at  lower  latitudes  (Myraba,  1984;  Myraba  et  al , 
1984a;  Myraba,  1986).  Temperatures  at  the  mesopause  height  have  been 
measured  from  298  K  to  158  K  during  the  winter  season.  This  is  up  to 
-90  K  in  deviation  from  the  CIRA  1972  model  atmospheric  mean. 


2.2  Gravity  waves 

Measurements  of  one  or  more  night  airglow  emissions  situated  at  dif¬ 
ferent  heights  in  the  atmosphere  were  obtained  during  clear  weather 
situations.  Sampling  time  scales  from  30  minutes  down  to  5  minutes 
(the  latest  being  close  to  the  Brunt-Valssalla  frequency  at  the  meso¬ 
pause  region)  were  employed.  From  the  simultaneously  obtained  emission 
Intensities  and  temperatures  at  the  different  heights  evidence  of  gra¬ 
vity  wave  activity  could  be  searched  for  (see  Frltts  et  al,  1984; 
Fritts,  1984;  Hatfield  et  al,  1981;  Frederick  1979;  Noxon,  1978; 
Krassovsky,  1972). 

It  was  found  that  In  a  large  fraction  of  cases,  short  period 
variations  in  temperature  and  intensities  displayed  similar  behaviour. 
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i.e.  when  strong  variations  in  the  temperature  occurred,  the  same  was 
in  the  intensity,  and  with  approximately  equal  periods  of 
variations  (Myraba  et  al .  1983;  MyrabB,  1984).  In  cases  where  several 
emissions  at  slightly  different  heights  were  measured,  similar 
variations,  i  e  same  periods,  were  often  seen  both  In  temperature  and 
intensities  at  the  different  heights  (Myraba  et  al,  1987).  Most  fre¬ 
quently,  in  phase  variations  were  observed  between  Intensity  and  tem¬ 
perature.  From  analysis  of  the  power  spectra  of  the  temperature 

-5/3 

variations,  an  approximately  k  dependence  on  the  temperature 
variations  with  wave  number  was  found  in  a  large  number  of  cases, 
implying  the  presence  of  a  quasi  saturated  or  saturated  gravity  wave 
field  with  breaking  gravity  waves  (Myraba  et  al ,  1987). 

The  bulk  of  the  temperature  and  Intensity  variations,  with  periods  in 
the  time  domain  -  5  minutes  to  3-4  hours,  may  therefore  be  explained 
In  terms  of  gravity  waves  penetrating  or  breaking  in  the  80-110  km 
region  (Frltts  et  al,  1984).  Both  examples  of  simple  cases  with 
monochromatic  waves  and  more  complex  cases,  with  combinations  of 
several  modes  including  breaking  waves  were  found  (Myraba  et  al ,  1983; 
Myraba  et  al,  1987).  Even  a  case  of  standing  waves  near  the  Brunt 
Valssalla  frequency,  probably  excited  by  longer  period  gravity  waves 
(Tuan  et  al ,  1979),  was  observed  (Myraba  et  al ,  1987). 

Upper  levels  of  gravity  wave  Induced  vertical  eddy  diffusion  coef¬ 
ficient  in  the  range  -  106-107  cm^/s  were  deduced  from  the  Intensity 
variations  of  the  emissions  (Myraba  et  al,  1987).  This  is  a  pro¬ 
nouncedly  larger  eddy  diffusion  coefficient  than  normally  seen  at 
lower  latitudes  (Thrane  et  al,  1985;  US  Standard  Atmosphere,  1976)  and 
is  possibly  In  disagreement  with  the  predictions  by  Llndzen  (1981) 
quoting  a  minimum  In  the  eddy  diffusion  coefficient  near  the  mesopause 
at  high  latitudes.  The  large  eddy  diffusion  coefficient  may  also  be 
taken  as  an  additional  Indication  of  very  strong  gravity  wave  activity 
in  the  polar  winter  atmosphere.  Heights  of  the  sodium  emissions  and 
the  0H(6-2)  emission  were  found  to  be  separated  by  about  1  km.  Indi¬ 
cating  the  OH (6-2)  emission  to  be  situated  approximately  at  90  km  in 
the  polar  winter  atmosphere  (Myraba  et  al ,  1987).  This  is  ~  5  km 
higher  than  average  quotations  for  lower  latitudes  (Taylor  et  al, 
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1987).  It  also  places  the  polar  winter  mesopause  at  -  90  km  (Myraba 
and  Deehr,  1984). 


Finally  the  occurence  of  gravity  waves,  penetrating  or  breaking,  is 
found  to  be  an  almost  omni-present  feature  of  the  polar  80-110  km 
region  (Myraba  et  al .  1986),  In  contrast  to  mid  and  low  latitudes 
(Tarrago  and  Chanln,  1962).  The  sources  of  the  waves  are  in  no  cases 
found  to  be  associated  with  geomagnetic  or  auroral  phenomena,  thus 
Implying  that  the  sources  of  the  waves  are  generally  the  lower  and 
middle  atmosphere,  l.e.  the  mesosphere,  stratosphere  or  troposphere 
(Myraba  et  al .  1987;  Myraba,  1984;  Myraba  and  Deehr,  1984). 


2.3  Stratospheric  warming  events 

In  the  northern  hemisphere  the  stratosphere  and  lower  mesopause  Is 
known  to  undergo  a  circulation  reversal  once  or  more  during  mid-winter 
before  the  final  circulation  reversal  takes  place  In  spring  (Labltzke, 
1977).  In  connection  with  the  mid-winter  reversal  there  Is  found  to  be 
a  heating  of  the  stratosphere  (stratospheric  warming)  with  a  corres¬ 
ponding  cooling  of  the  mesosphere  up  to  at  least  ~  60  km  height 
(Labltzke  and  Barnett,  1985). 

To  study  possible  effects  of  the  stratospheric  warmings  on  the  polar 
mesopause  region  (l.e.  80-110  km),  12-24  hours  averaged  mesopause  tem¬ 
peratures  were  compared  to  temperatures  of  the  stratosphere  and 
mesosphere  (l.e.  up  to  -  60  km  height).  The  stratospheric/mesospheric 
temperatures  were  available  from  the  Nimbus  satellite  radiometers  and 
covered  the  polar  cap  area  (Drummond  et  al ,  1980). 

It  was  found  that  the  polar  80-110  km  region  cooled  considerably  (at 
least  up  to  the  90-95  km  region),  during  mid-winter  stratospheric 
warming  events  (Myraba  et  al,  1984a;  Myraba  et  al ,  1986).  The  ampli¬ 
tude  of  the  cooling  at  the  mesopause  was  found  to  be  approximately 
twice  as  large  as  the  amplitude  of  the  associated  warming  In  the  stra¬ 
tosphere  at  the  10  mbar  level  (Myraba  et  al ,  1984a).  Dally  mean  tem¬ 
perature  as  low  as  170  K  were  observed  at  the  mesopause  during  a  stra¬ 
tospheric  warming  at  solstice.  After  the  stratospheric  warming 
vanished,  the  cooling  of  the  mesopause  was  followed  by  a  heating  above 
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the  "average"  temperature  by  nearly  the  same  amplitude  as  the  cooling 
(Myrabo,  1986). 

Outside  periods  of  major  and  minor  stratospheric  warmings,  the  long 
period  (day  by  day)  variations  of  the  temperature  at  the  mesopause 
height  were  found  to  have  similar  or  equivalent  periods  of  variations 
as  the  day  to  day  variations  of  the  temperature  In  the  mesosphere  and 
In  the  stratosphere  (Myrabe,  1984;  Myraba,  1986).  This  seems  to  Imply 
a  common  origin  and  that  the  long  term  variations  In  the  temperatures 
at  the  mesopause  are  somehow  connected  to  the  circulation  and  tempera¬ 
ture  changes  in  the  underlying  atmosphere. 


2.4  Tides 


Both  emission  Intensities  and  temperatures  deduced  from  the  emissions 
at  different  heights  have  been  analysed  for  tidal  components  (Myraba, 
1984;  Myrabe  and  Deehr,  1984;  Myrabe  et  a! .  1986).  Fourier  analysis 
and  superimposed  epoch  methods  have  been  employed.  The  diurnal  tide 
component  at  the  mesopause,  that  according  to  the  latest  tidal  models 
should  dominate  In  polar  region  (Forbes,  1982b),  Is  not  found  to  be 
present  above  the  noise  level,  l.e.  1  K.  On  time  scales  from  a  few 
days  to  about  20  days  the  semidiurnal  tide  component  Is  seen  to  domi¬ 
nate  with  peak  to  peak  temperature  amplitudes  in  the  range  4  to  8  It. 
The  absence  of  the  diurnal  component  may  be  explained  by  strong 
Interactions  of  this  mode  with  gravity  waves  (Beer,  1975).  However, 
the  observed  amplitude  of  the  semidiurnal  mode  is  far  larger  than  pre¬ 
dicted  by  the  current  tidal  models.  Even  higher  semidiurnal  amplitudes 
are  currently  reported  to  exist  over  short  time  Intervals  (Waterscheid 
et  al,  1986).  Tidal  models  should  therefore  be  revised  to  match  the 
observations  better. 


2.5  Geomagnetlc/auroral  effects 

Including  more  than  one  month  with  almost  continuous  temperature  data 
and  a  good  coverage  In  the  intensity  data,  correlation  studies  of  OH 
temperatures  and  Intensity  variations  with  geomagnetic  Kp,  Ap  Index, 
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with  sudden  storm  commencement  and  with  tw«  interplanetary  magnetic 
field  (Bz)  showed  no  significant  correlation  (Myraba  and  Deehr,  1984). 
However,  for  truncated  data  set  taken  from  the  same  period  (1  e  case 
studies)  both  positive,  negative  or  Insignificant  correlation  could  be 
produced. 

The  long  disputed  geomagnetic/auroral  Influence  on  the  temperature 
and  dynamics  in  the  80-110  km  region  (Krassovsky,  1956;  Salto,  1962; 
Shefov,  1969;  Maeda  and  Alkln,  1968;  Brekke,  1977;  Takahashl  and 
Batista,  1981;  Baker  et  al,  1985)  may  thus  be  settled  (Myraba,  1984). 
In  view  of  the  results  above  and  from  corresponding  analysis  of  the 
total  amount  of  temperature  and  intensity  data  for  the  other  seasons, 
it  may  be  concluded  that  the  atmospheric  temperature  and  the  dynamics 
of  the  polar  mesopause  region,  at  least  up  to  the  -  90  km  level,  are 
dominated  from  below  (Myraba,  1986;  Myraba  et  al ,  1987).  Influence 
from  the  aurora,  if  present,  have  to  be  rare  or  too  small  to  be 
detected  as  compared  to  the  competing  Interactions  from  the  atmosphere 
below.  This  limits  the  amplitudes  of  the  perturbations  from  auroral 
sources  to  be  generally  one  order  of  magnitude  or  more  smaller  than 
the  perturbations  originating  in  the  underlying  atmosphere. 


2.6  Seasonal  variations 


Dally  averaged  temperatures  together  with  5  or  10  days  running  avera¬ 
ges  were  calculated  from  Individual  30  minutes  and  1  hour  temperatures 
In  order  to  study  the  seasonal  variations  of  the  mesopause  region  tem¬ 
peratures  (Myraba,  1984).  Tidal  components  were  removed.  Forming  5  and 
10  days  running  averages  also  removed  the  day  to  day  variations  mainly 
connected  to  the  larger  scale  variations  In  the  circulation  (Myraba, 
1984;  Myraba  et  al ,  1984a).  In  the  polar  cap  area,  (1  e  Spitsbergen, 
78°N  geographic)  temperatures  for  5  seasons  were  used,  covering  -  4 
months  around  winter  solstice.  Also  temperature  data  obtained  from 
Poker  Flats,  65°N  geographic,  for  the  seasons  1976  through  1978  have 
been  analysed  with  respect  to  seasonal  variations  (Myraba  et  al, 
1984c).  Mainly  OH  emissions  have  been  used  In  obtaining  the  tem¬ 
peratures.  At  78°N  a  relatively  low  temperature  In  late  December 
followed  by  a  very  warm  mesopause  In  January  Is  found  to  be  consistent 


15 


for  all  four  winter  periods  (Myraba,  1986).  A  hypothesis  is  that  this 
is  associated  with  changes  in  the  transmission  of  gravity  waves  to  the 
upper  mesosphere  in  connection  with  stratospheric  and  lower 
mesospheric  circulation  changes. 

The  average  temperature  maximum  in  January  was  found  to  be  223  K,  data 
from  five  winter  seasons  being  used.  This  is  about  15  K  higher  than 
the  CIRA  1972,  70°N,  January  model  atmoshpere  at  90  km.  The  tem¬ 
perature  variation  from  November  through  March  is  best  described  by  a 
standing  wave  with  a  period  of  about  50  days,  peaking  in  early 
December  and  In  mid  January  (Myraba,  1986).  The  peak  to  peak  ampli¬ 
tude  Is  about  20-30  K.  The  corresponding  local  minimum  around 
solstice  Is  found  to  be  present  both  during  winters  with  and  without 
major  stratospheric  warmings.  There  is,  however,  both  at  the  78°N  and 
at  the  65°N  site  an  average  winter  solstice  maximum,  pointing  clearly 
to  lower  temperatures  both  In  the  autumn  and  in  the  spring  (Kyrabe, 
1986;  Myraba  et  al ,  1984c).  At  the  65°N  site  there  Is  no  clear  local 
minimum  around  solstice  (Myraba  et  al.  1984c). 

The  Intensities  of  the  02(0-l)  Atm  band  have  been  used  to  deduce  oxygen 
concentration  at  the  95  km  level  (Myraba  et  al ,  1984b;  Myraba  et  al , 
1986;  Myraba,  1987).  No  clear  minimum  In  the  deduced  oxygen  con¬ 
centration  Is  found  at  winter  solstice.  The  2-3  months  of  data  around 
winter  solstice  for  the  two  winters  of  the  02 (0- 1 )  band  observations 
Is  best  described  as  consisting  of  strong  enhancements  In  the  Inten¬ 
sity  lasting  for  days  and  being  superimposed  on  a  constant  background 
level.  This  Is  contrary  to  model  calculations  estimating  that  a  very 
clear  minimum  In  the  oxygen  concentration  should  occur  around  winter 
solstice  (mainly  due  to  the  lack  of  production  of  odd  oxygen  through 
dissociation  of  02  by  solar  ultraviolet  radiation  In  the  polar  night) 
(Elphlnstone  et  al,  1984).  The  lack  of  a  clear  minimum  Indicates  that 
the  origin  of  the  oxygen  Is  outside  the  terminator.  Consequently,  a 
more  effective  transport  from  outside  the  solar  terminator  Into  the 
dark  polar  cap  than  previously  thought  has  to  be  awoked.  Calculations 
should  therefore  be  reconsidered. 
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2.7  Differences  in  winter  solstice  conditions  at  the  north/south 
pole 

Differences  in  the  variations  of  the  emission  Intensities  of  the  odd 
oxygen  associated  nightglows  at  the  two  poles  might  be  used  to  indi¬ 
cate  differences  In  the  dynamics. 

To  study  this,  absolute  Intensities  of  the  02 (0- 1 )  Atm  band  emission 
were  obtained  from  measurements  at  Spitsbergen  (78°N)  (Myrabe,  1987). 
Two  winters,  1  e  1982/83  and  1983/84,  of  measurements  covering 
-2 H  months  around  winter  solstice  have  been  analysed.  Contamination  by 
aurora  was  removed,  securing  that  the  obtained  02 ( 0- 1 )  band  inten¬ 
sities  only  reflected  the  variations  In  the  night  alrglow  component  of 
the  02 (0- 1 )  band. 

The  02(0- 1 )  band  absolute  Intensltltes  from  78°N  were  compared  with 
night  alrglow  absolute  Intensities  of  the  015577  emissions  over  the 
South  Pole,  reported  by  Ismail  and  Cogger  (1982),  utilizing  satellite 
data  from  the  ISIS  2  limb  scanner.  As  the  02  Atm  band  emission  and 
the  015577  emission  co-varles,  a  comparison  reveals  any  differences  In 
the  odd  oxygen  variations  at  the  two  poles. 

Comparing  the  two  sets  of  data  shows  striking  differences  both  In  the 
seasonal  and  In  the  day  to  day  variations  (Myrabo,  1987). 

While  the  Intensities  at  the  South  Pole  show  a  relatively  smooth 
decline  towards  a  minimum  around  winter  solstice,  the  emission  Inten¬ 
sities  In  the  northern  polar  region  reveal#  variations  with  very 
strong  emission  enhancements  lasting  for  days  up  to  a  week  or  more. 

The  seasonal  trend  at  the  North  Pole  does  not  show  any  clear  minimum 
In  the  emission  Intensities  and  thus  no  minimum  In  the  odd  oxygen  con¬ 
centration. 

In  the  south  polar  region  there  are  no  major  stratospheric  warmings 
during  the  mid-winter  and  thus  a  more  consistent  circulation  pattern 
In  the  stratosphere  and  In  the  mesosphere  (Shoebend,  1977;  Labltzke, 
1981).  If  It  Is  assumed  that  the  enhanced  levels  of  emissions  are  con¬ 
nected  to  changes  In  the  circulation  and  transport  within  and  Into  the 
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upper  mesoshpere  and  lower  thermosphere,  the  observed  differences  in 
the  emission  Intensities  reflect  differences  In  the  circulation  and 
transport  In  the  two  hemispheres  (Myrabe,  1987).  Whether  this  is 
further  connected  to  differences  In  gravity  wave  activity  caused  by 
differences  in  the  topography  (i.e.land  masses)  in  the  two  polar 
regions  or  of  other  origin  is  open  to  question. 


3  FURTHER  RESEARCH 

This  work  has  Illuminated  a  polar  mesopause  region  with  a  dynamical 
complexity;  Involving  strong  tidal  forcing,  almost  ever  present  gravity 
wave  activity,  and  longer  period  variations  (lea  day  or  more)  in 
temperature,  density  and  circulation  connected  to  variations  in  the 
atmospheric  regions  below.  One  of  the  surprises  was  to  find  the 
atmosphere  at  mesopause  height  not  particularly  affected  by  geomagne¬ 
tic  or  auroraly  related  activity,  but  with  the  variations  In  tem¬ 
perature  and  density  rather  controlled  by  Interactions  with  the  atmos¬ 
pheric  regions  below,  all  the  way  down  to  the  stratosphere. 

In  order  to  understand  the  circulation,  transport,  energetics  and  che¬ 
mistry  of  the  entire  polar  winter  atmosphere.  It  Is  crucial  to  Iden¬ 
tify  the  transition  region  In  the  atmosphere  where  the  atmosphere 
changes  from  mainly  being  governed  by  Interactions  from  below,  to 
regions  where  Interactions  caused  by  geomagnetic  activities  dominates. 
This  region  Is  certainly  above  -  90  km.  Monitoring  the  penetration 
and  breaking  of  gravity  waves  from  below  and  through  the  90  km  region 
and  upwards  In  addition  to  monitoring  geomagnetic  activity  should 
therefore  be  given  priority  to  identify  this  transition  region.  It  is 
also  urgent  to  get  a  better  measure  of  the  amount  of  energy  deposited 
by  the  almost  ever  present  gravity  waves  In  the  polar  winter  atmos¬ 
phere. 

Further,  efforts  should  be  made  to  Identify  If  a  coupling  between  gra¬ 
vity  waves  and  tides  exists  In  the  polar  mesopause  region 
(Walterscheld  et  al,  1986),  and  eventually  be  able  to  estimate  the 
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amount  of  energy  transferred  from  the  gravity  waves  to  the  tides. 

Monitoring  the  presence  of  gravity  waves  over  large  spatial  scales,  - 
before,  during  and  after  stratospheric  warmings,  to  see  if  gravity 
waves  might  play  a  part  In  the  stratospheric  warming  events  is  another 
important  item  that  should  be  pointed  out. 

Monitoring  of  a  restricted  number  of  nightglow  emissions  using  ground- 
based  spectrometMc  equipment  is  scarcely  likely  to  answer  the 
questions  outlined  above.  However,  a  combination  of  spectrometric 
observations  from  a  number  of  ground  stations  with  the  additional  use 
of  Rayleigh  Ildars  and  monochromatic  imagers  reinforced  possibly  by 
in-situ  measurements  might  provide  the  information  needed.  Programs 
aimed  In  this  direction  seem  now  to  be  in  progress  (Romick  et  al , 
1986a). 
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Large-Amplitude  Nightglow  OH  (8-3)  Band  Intensity 
and  Rotational  Temperature  Variations  During  a  24-Hour  Period 

at  78  N 

H  K..  Myrab©,1  C.  S.  Deehr.  and  G  G.  Sivjee: 

Geophysical  Institute.  University  >i  Alaska 

We  report  results  from  a  continuous  24-hour  measurement  of  the  OH  >8-31  band  emission  in  the 
nightglow  it  “8.4  N  A  mean  temperatuit  of  I"}  K  and  a  mean  band  intensity  of  596  R  were  observed. 
Extreme  temperature  variations  were  seen  with  amplitudes  up  to  ;"0K  from  >hc  mean.  It  is  suggested 
that  these  variations  are  related  to  the  passage  of  internal  gravity  waves.  If  so.  the  extreme  amplitudes  of 
the  variations  might  imply  that  the  OH  emitting  layer  is  situated  above  90  km  at  this  latitude  in  January 
Fhe  deduced  n  values  i AY  /  AT  T)  favor  the  ozone  mechanism  to  be  responsible  for  the  OH  emission 
with  the  possibility  of  an  additional  mechanism  contributing  up  to  5J» 


l.  Introduction 

Since  \ieinel  [1950]  dentilied  the  OH  band  system  in  the 
night  airflow,  a  large  number  of  investigators  have  tried  to 
elucidate  the  physics  and  chemistry  behind  the  different  pat¬ 
terns  of  behavior  of  the  OH  nightglow. 

The  study  of  Ohf  emissions  alone  or  together  with  other 
nightglow  emissions  provides  important  information  on  tem¬ 
perature.  density,  composition,  and  behavior  of  the  upper 
mesosphere.  OH  emission  measurements  may  also  be  used  as 
an  important  tool  for  observing  the  effects  of  propagating 
gravity  waves  through  the  atmosphere  [Krassocs/cy,  1972; 
Krassovsky  and  Shaqeav.  1974;  \oxon.  1978;  Frederick.  1979: 
Hatfield  et  al. .  1981] 

Almost  all  of  the  observations  of  OH  have  previously  been 
made  at  latitudes  less  than  approximately  70J  Measurements 
above  latitude  55  are  sparse  compared  to  lower  latitudes. 

The  only  measurements  at  high  tie.,  above  70°)  latitudes 
seem  to  be  those  of  Chamberlain  and  Oliver  [1953]  in  Thule, 
the  flights  by  the  U.S.  Air  Force  KC-135  jet  aircraft  in  March 
1963  and  1964  reported  by  S’oxon  [1964],  and  the  1968 
NASA  auroral  airborne  expedition  [Siiyee  et  al.,  1972], 

Chamberlain  and  Oliver  s  data  consited  only  of  a  few  spec- 
rra  with  relatively  coarse  spectral  and  temporal  resolution. 
They  found  an  OH  rotational  temperature  ranging  from  300 
to  350  K  which  is  believed  to  be  approximately  30-40  K  too 
high  due  to  erroneous  molecular  constants  used  in  the  re¬ 
duction  of  the  data  [Kvifte.  1959]. 

Noxon's  results,  which  are  based  mainly  on  two  spectra 
averaged  in  time  and  space  over  latitudinal  ranges  77e-85N 
and  69  -85  N  gave  temperatures  160  and  185  K.  respectively 
He  also  reported  a  significant  decrease  in  intensity  and  tem¬ 
perature  with  increasing  latitudes. 

The  NASA  airborne  observations  performed  between  Janu¬ 
ary  and  March  1968  consisted  of  a  larger  number  of  flights 
and  thus  provided  more  data  pertinent  to  the  pictu.e  of  the 
latitudinal  dependence  of  the  temperaure.  Latitudes  7o,:-78,1n 
gave  temperatures  in  the  range  190-245  K  with  a  mean  close 
to  225  K.  [Su/ey  et  al..  1972] 
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These  measurements,  although  providing  valuable  data  on 
temperature  and  intensity  with  latitude  only  gave  a  snapshot 
land  therefore  a  very  limited  understanding)  of  OH  morpholo 
gy  at  high  latitudes  For  this  purpose  continuous  measure¬ 
ments  from  the  ground  and  if  possible  linked  with  satellite 
measurements  from  above  will  provide  the  best  data 
Satellite  measurements  alone  have  been  utilized.  Reed 
[1976]  reported  indications  of  strong  polar  enhanced  OH 
emissions.  Further.  Walker  and  Reed  [1976]  found  the  effects 
from  an  early  major  stratosphenc  warming  tn  December  1 96? 
on  the  OH  emission  intensity  to  be  largest  between  "O'  and 
80"  N.  Unfortunately,  the  measurements  were  broadband  opti¬ 
cal  measurements,  and  contamination  by  aurora,  as  was 
pointed  out  in  both  these  works,  cannot  be  ruled  out. 

The  lack  of  observations  at  high  lautudes  is  due.  in  pan.  to 
the  problem  of  contamination  by  auroral  emissions.  In  the 
auroral  zone  this  is  caused  by  auroral  molecular  bands  which 
cover  almost  the  entire  visible  and  near  infrared  [ Uallance - 
Jones.  1974;  Meriwether.  1975]. 

However,  at  higher  latitudes  ti.e.,  into  the  polar  cap  regioni. 
auroral  molecular  emissions  diminish  and  the  aurora  emits 
mainly  atomic  lines  [Siviee  ana  Deehr.  1980]  Thus  a  normal, 
high-responsivity  auroral  spectrophotometer  operated  at  a 
resolution  of  2000  (4-A  bandwidth)  may  be  used  to  measure 
most  of  the  OH  bands  and  lines  clearly  resolved  from  the 
auroral  emissions  Because  of  the  high  geographic  latitude  of 
the  station,  observations  may  be  earned  out  continuously  for 
24  hours  per  day  for  2  months  around  each  winter  solstice 
The  auroral  observatory  at  Longvearbyen  may  therefore  be 
regarded  as  a  suitable  site  for  high  latitude  OH  observations 
from  the  ground. 

2.  Instrumentation.  Observations,  and  Reduction 
The  OH  emission  data  employed  in  this  work  were  pan  of 
the  measurements  undertaken  dunng  the  multinational  Sval¬ 
bard  auroral  expedition  beginning  in  1978  at  an  observatory 
[ Deehr  et  al..  1980]  close  to  Longyearbyen  on  West  Spitsber¬ 
gen  (geographic  latitude  78  4-NV 
The  l-m  and  $-m  high-throughput  Eben-Fastie  spec¬ 
trophotometers  are  coupled  to  a  minicomputer  and  record  in 
the  photon-counting  mode  The  l-m  instrument,  used  for 
these  measurements  reported  here,  is  further  described  by  Dick 
et  al.  [1970]  and  Sivfee  et  al.  [1972]. 

From  three  seasons  of  data,  i.e.,  1979  1980.  1980  1981.  and 
1981  1982.  we  have  been  able  to  utilize  limited  periods  dunng 
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Fig-  1  An  example  of  (he  spectra  used  for  deducing  temperature 
and  intensity  Each  spectrum  is  acquired  dunng  a  [O-nun  penod 
summing  '5  individual  8-s  scans.  In  addition  to  the  OH  (8-3)  lines, 
also  the  forbidden  oxygen  doublet  at  7320/7330  A  originating  in  the 
aurora  is  indicated. 

dear  weather  where  the  instruments  were  run  in  a  suitable 
manner  for  OH  measurements.  Of  particular  interest  are  ob¬ 
servations  from  a  single  24-hour  penod  of  continuous 
measurement  of  the  OH  (8-3)  band  where  the  OH  intensity 
and  temperature  were  observed  to  change  considerably.  Un¬ 
fortunately.  none  of  the  other  usable  periods  in  the  data  col¬ 
lection  contained  a  full  24-hour  penod  with  as  high  a  tunc 
resolution.  How  often  this  behavior  occurs  is  therefore  not  yet 
known. 

The  spectrophotometer  was  pointing  toward  zenith  and  the 
a  7285-A-7350-A  region  was  scanned  in  8  s  by  using  the 
spectrophotometer  in  the  second  order  with  a  1-mm  slit  corre¬ 
sponding  to  a  bandwidth  of  1.5  A  and  a  resolution  of  4900. 
Each  scan  was  recorded  on  magnetic  tape.  In  most  cases,  an 
adequate  signal- to- noise  ratio  was  acquired  by  integrating  75 
individual  scans  over  10  min.  An  example  of  the  quality  of  the 
data  may  be  seen  in  Figure  1. 

Rotational  temperature  was  calculated  by  Kvifte's  method, 
using  the  intensity  rabo  of  the  /*,(2)  and  Pt(3)  lines  [ Kvifte . 
1959].  The  band  intensity  was  then  based  on  the  measured 
intensity  of  the  P,(2)  line  together  with  the  calculated  temper¬ 
ature.  Absolute  intensity  calibration  was  performed  in  the  field 
by  using  a  standard  lamp  and  a  diffusing  screen. 

Probable  error  in  the  calculated  temperature  is  estimated  to 
be  ±5  K  caused  by  the  uncertainty  in  defining  the  P,(2)  and 
P,(3)  background  levels,  while  the  possible  error  in  the  abso¬ 
lute  intensity  is  approximately  20%.  mainly  caused  by  the 
calibration  uncertainty. 

The  aurora  could  easily  be  monitored  through  the 
7320/7330-A  OH  lines.  Additional  care  was  taken  to  assure 


that  there  was  no  contamination  of  the  data  from  the  N,  IP 
and  other  auroral  molecular  emissions. 

3  Results  and  Discussion 

3.1.  Intensities  and  Rotational  Temperatures 

Intensities  and  rotational  temperatures  as  derived  from  the 
measured  OH  (8-3)  band  lines  between  January  6  and  7.  1981, 
0600-0550  UT  are  presented  in  Figure  2.  They  are  given  re¬ 
spectively  as  broken  and  solid  lines.  The  mean  24-hour  rota¬ 
tional  temperature  is  237  It  and  the  mean  intensity  of  the  OH 
(8-3)  band  is  596  R.  For  comparison  we  may  mention  (ba;  the 
average  temperature  and  band  intensity  found  by  Takahashi 
et  al  [1977]  at  23°S  for  the  penod  July  1972  to  October  1974 
was  179  K  and  408  R.  respectively. 

No  obvious  diurnaJ  or  semidiurnal  trend  is  visible  in  the 
24-hour  record  presented  here. 

Previous  temperature  measurements  at  latitudes  70°-85’N 
cover  the  range  160  to  approximately  300  1C  However,  such  a 
large  vanation  in  temperature  as  seen  here  I  ±  70  K),  has  not 
been  reported  from  a  single  station  and  a  limited  time  span. 
Krassovsky  and  Shagaev  [1977]  report  extremes  of  ±50  K 
dunng  the  propagation  of  internal  gravity  waves  through  the 
mesosphere. 

There  is  no  way  of  ascenaimng  that  the  vanattons  seen  here 
are  due  to  the  propagation  of  internal  gravity  waves.  To  do 
that  would  have  required  simultaneous  determination  of  tem¬ 
peratures  at  least  at  two  altitudes  [.Voxon.  197$]  or  measure¬ 
ments  taken  simultaneously  at  three  places  in  the  sky  [ Krass¬ 
ovsky.  1972;  Krassovsky  and  Shagaev .  1974]. 

However,  it  is  difficult  to  find  another  mechanism  that 
could  lead  to  such  extreme  vanation  in  the  temperature  and 
intensity  An  indication  that  at  least  part  of  the  variations  seen 
here  are  due  to  the  propagation  of  gravity  waves  is  the  corre¬ 
lation  between  temperature  and  intensity.  A  correlation  be¬ 
tween  temperature  and  intensity  was  found  by  Shagaev  [1974] 
and  Krassovsky  and  Shagaev  [1977]  dunng  the  propagation  of 
gravity  waves,  while  under  conditions  where  gravity  waves 
were  not  likely,  poor  or  not  correlation  was  found  [ Harrison 
et  al.,  1971;  Takahashi  et  al.,  1974;  Takeuchi  et  al.,  1979], 
Figure  3  shows  the  intensity-temperature  plot.  The  correlation 
coefficient  found  is  0.56  using  \  -  286  points.  The  best  fit 
curve  with  a  slope  A //AT  —  1.93  R,  K  is  indicated. 

It  has  been  shown  theoretically  by  Wemstock  [1978]  that 
the  relation  between  temperature  and  intensity  during  gravity 
wave  passage  is  complex.  It  might  show  phase  shifts  and 
depend  upon  the  scale  height  of  the  respective  minor  compo¬ 
nent  (e  g..  H)  relative  to  total  scale  height  at  the  particular 


Fig.  2  Intensity  and  rotational  temperatures  as  derived  from  measured  OH  (8-31  bands  dunng  January  6-7.  1981.  at 
Longyearbyen.  Svalbard.  The  intensity  and  rotauonai  temperature  as  obtained  e*ch  S  mm  from  10  min  of  scans  i50% 
overlapping)  are  plotted  as  points.  Straight  lines  are  drawn  between  successive  points. 
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Fig.  3  Correlation  between  OH  (8-3)  rotational  temperature  and 
intensity  dunng  the  24-hour  period  as  obtained  employing  each  point 
iS-min  interval)  in  Figure  I  directly  The  correlation  analysis  was 
performed  by  using  V  »  286  points,  giving  a  correlation  coefficient 
r  -  0.56. 

altitude.  The  coherent  motion  of  the  emitting  particles  ii.e„ 
OH)  moving  in  and  out  of  the  held  of  view  may  also  influence 
the  observed  relation.  According  to  Wemstock,  nonlinear  cor¬ 
rections  to  the  oscillations  may  be  neglected  at  OH  height,  i.e, 
85-90  km. 

An  attempt  to  improve  the  correlation  between  temperature 
and  intensity  waves  was  made  by  phase  shifting  the  temper¬ 
ature  with  regard  to  the  intensity.  The  maximum  obtained  was 
0.59.  i.e.,  not  significantly  different  from  that  with  no  phase 
shift.  Slight  phase  shifts  between  temperature  and  intensity 
and/or  changes  in  the  intensity-temperature  amplitude  ratio 
dunng  the  observation  period  as  might  be  inferred  from 
Figure  2  may  help  explain  the  relatively  low  correlation  found. 

This  does  not  eliminate  gravity  waves  as  the  source  because 
correlation  coefficients  in  the  same  range  <i.e„  0.5-0.9.  Krass- 
ovksy  and  Shagaev  [1977])  are  typical  of  gravity  wave  data.  A 
higher  coefficient  (i.e.  up  to  0.8)  might  be  obtained  from  our 
data  by  selecting  only  part  of  the  observed  penod. 

The  relationship  between  amplitude  and  penods  as  shown 
in  Figure  4  also  strongly  points  to  gravity  waves  as  the  source. 
It  shows  the  same  linear  relationship  as  found  by  Krassovsky 
and  Shagaev  [1977]  dunng  gravity  wave  propagation.  It  dif¬ 
fers,  however,  in  the  striking  manner,  that  for  the  same  period 
of  oscillation  our  results  show  about  twice  as  high  an  ampli¬ 
tude.  This  may  be  interpreted  to  mean  that  the  OH-emiiting 
layer  over  Longyearbyen,  i.e,  at  extreme  high  latitudes,  is  situ¬ 
ated  at  a  slightly  higher  altitude  than  at  middle  to  moderately 
high  latitudes  [ Frederick ,  1979].  From  simultaneous  measure- 


Kelvin  plotted  against  penod  r  in  minutes  for  the  most  well-defined 
oscillations  in  Figure  1 
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Fig  5  Power  spectra  of  the  variations  of  OH  1 8—  3 1  rotational  tem¬ 
perature  and  intensity  A  Hanning  window  was  employed. 

ments  of  different  vibrational  levels  of  OH  bands  dunng  De¬ 
cember  1980  and  January  1981,  a  positive  temperature  gradi¬ 
ent  was  found  for  the  OH  emitting  region  [Myrobp.  1983]. 
This  may  be  interpreted  to  mean  that  the  emission  region  t« 
situated  at  or  slightly  above  the  mesopause.  Owing  to  the 
polar  jet,  the  mesopause  is  believed  to  be  at  a  higher  altitude 
of  midwinter  above  the  polar  regions  than  elsewhere  [ Rodgers , 
1977],  In  view  of  the  above,  a  reasonable  interpretation  is  that 
ail  or  pan  of  the  larger  amplitude  found  is  due  to  the  higher 
altitude  of  OH  emitting  layer.  This  contradicu  the  suggestion 
of  Sivjee  et  ai.  [1972],  who  suggested  that  the  height  of  the 
OH-emitting  layer  is  independent  of  latitude.  The  latter  results 
are,  however,  based  on  a  comparison  of  a  very  limited  amount 
of  temperature  data  with  temperatures  taken  from  a  model. 

Figure  5  shows  a  Fourier  analysis  of  the  temperature  and 
intensity  variations,  which  exhibit  a  decreasing  energy  tn  the 
higher  frequencies.  This  is  also  in  agreement  with  Krassovsky 
and  Shagaev  [1977],  who  find  the  same  char  act  enstic  feature 
dunng  gravity  wave  propagation  conditions.  Penods  in  the 
range  3  hours  to  approximately  20  min  arc  clearly  recog¬ 
nizable  in  the  power  spectra  of  both  intensity  and  temperature 
shown  in  Figures  5  and  I.  They  are  all  within  the  domain  of 
internal  gravity  waves  [Hines.  I960]. 


Fig  6.  Distribution  of  the  r\  value  (AJ  /  AT  T)  for  the  measure¬ 
ments  on  January  6-7  Cases  with  ij  >  8  not  included  here  were  in 
the  range  0-  2  for  a  single  interval. 
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All  of  these  indications  seem  to  support  the  hypothesis  that 
a  large  part  of  the  variations  in  OH  temperature  and  intensity 
reported  here  have  been  due  to  the  passing  of  internal  gravity 
waves. 

A  closer  inspection  of  Figure  2  reveals  a  tendency  of  a  tine 
structure  of  the  order  of  10-15  min  superimposed  on  ihe 
longer  period  waves.  Fine  structure  might  be  seen  both  in  the 
intensity  and  in  the  temperature.  Similar  fine  structure  in  the 
5S77-A  and  6300-A  night  airglow  intensity  is  known  to  exist 
[ Okuda,  1962.  Silverman,  1962]  and  is  in  some  cases  believed 
to  be  associated  with  local  instability  in  gravity  waves  having 
amplitudes  greater  than  approximately  20%  [Hodges.  1967], 
According  to  Tuan  et  al.  [1979],  the  nppie  frequency  should 
be  close  to  the  buoyancy  period,  ue,  the  Brunt -Vaisallii 
periodl,  which  in  our  case  is  of  the  order  of  5-7  min.  Our 
integration  time  and  sampling  rate  might,  however,  modulate 
and  obscure  the  real  frequency  pattern,  i.e,  the  real  oscillations 
might  be  considerably  smaller  than  10-15  mm.  A  further  in¬ 
vestigation  and  discussion  of  this  is  therefore  advisable  to 
leave  until  data  with  a  much  higher  sampling  rate  (i.e.  the 
order  of  1  min)  is  obtained. 

Babakov  [1975],  Kuzmin  [1975],  and  Shagaev  [197-ij  report 
the  occurrence  of  gravity  waves  to  be  correlated  to  geomag¬ 
netic  activity  as  measured  by  the  £?omagnetic  K  index.  Sha¬ 
gaev  [1974]  reports  southward  '..avelling  waves,  indicating  an 
origin  in  polar  regions  Krassovsky  and  Shagaev  11974.  1977] 
report  the  sources  to  be  connected  with  active  meteor ological 
phenomena  in  the  troposphere  in  connection  with  jet  streams, 
we^iner  fronts,  cyclones,  anticyclones,  etc  But  they  do  not 
exclude  a  dependence  on  geomagnetic  activity 

Svalbard  is  indeed  clos-ly  surrounded  by  both  geomagnetic 
and  meteorological  phenomena.  Not  enough  data  have  yet 
been  accumulated  to  establish  how  common  this  behavior  of 
the  OH  emission  is,  and  how  it  connects  to  the  overall  meso¬ 
spheric  temperature,  density,  composition,  wind  velocities,  etc 

3.2.  The  Observed  rj  Value  and  the  OH  Emission  Mechanism 

The  i  value  was  first  introduced  by  Krassovsky  [1972]  and 
is  defined  as  follows : 

Ml  ATT  -2/(7-  D-.4, 

where  A///  and  A77T  are  relative  increments  in  the  intensity 
and  temperature,  •/  is  the  ratio  of  the  specific  heats,  and  At  is 
the  exponent  in  the  temperature  dependent  rate  coefficient 
(i.e.,  k  »  k0T  -  A„  k  and  J fc0  being  the  respective  reaction  coef¬ 
ficients  at  temperatures  T  and  T0).  The  theoretical  justification 
of  the  n  value  and  its  relation  to  the  emission  process  in  the 
case  of  an  adiabatic  oscillation  of  the  atmosphere  is  also  dealt 
with  by  Krassovsky  [1972].  It  is  an  important  parameter  to 
evaluate  and  may  be  used  as  a  means  of  identifying  the  emis¬ 
sion  process.  Krassovsky  [1971]  introduced  the  peThydroxyl 
process  and  suggested  that  other  processes  may  be  important 
in  addition  to  the  ozone  mechanism  suggested  by  Bates  and 
Sicolet  [1950]  and  Herzberg  [1951] 

O,  4-  H  — OHafr  5  9)  +  O2(  +  3.34e\0  (1) 

Takahashi  and  Baii±:»  [1981]  find  evidence  in  their  data  for 
the  mechanism 

HO,  *  O -  OH*lv  z  61  4-  02(  +  2.4  eV>  (2) 

proposed  by  Sicolet  [1970]  in  addition  to  the  ozone  mecha¬ 
nism.  Takeuchi  et  al.  [1981],  however,  report  strong  evidence 
for  the  ozone  mechanism  to  be  the  only  emission  mechanism 


operative,  since  they  find  n  values  confined  to  the  range  —0.5 
to  +1.5.  (The  theoretical  »r  value  for  the  process  ill  is  n  **  1. 
while  for  the  perhydroxyl  mechanism  and  process  (2).  rt  is  3  *  ) 
Weinstock  [1978]  has  reviewed  Krassovsky  s  n  value,  intro¬ 
ducing  a  more  complex  relation  between  temperature  und  .n 
tensity  which  is  dependent  upon  the  scale  height  of  the  minor 
component  { i.e.,  H  or  O)  with  respect  to  the  total  scale  height. 
Thus  phase  shifts  and  amplitude  ratio  variations  may  be  intro¬ 
duced.  However,  the  main  effects  of  phase  shift  and  variation 
in  the  scale  height  of  the  minor  component  during  the  passage 
is  most  likely  to  broaden  the  it  distribution  (i.e..  smear  out  the 
relation  to  .4  J.  Thus  the  n  values  derived  here  by  using  Krass¬ 
ovsky's  relation  should  be  able  to  distinguish  between  pro¬ 
cesses  with  values  as  different  as  1  and  3.7 

Figure  6  presents  a  histogram  showing  the  occurrence  fre¬ 
quency  distribution  for  the  values  ->f  n  calculated  from  the  24 
hours  of  observation*  -eperteu  here.  The  mean  rj  value  is  1.08. 
which  implies  the  ozone  mechanism  to  be  responsible  for  the 
OH  emission.  Other  emission  mechanisms  with  n  close  to  I 
can.  however,  not  be  ruled  out,  but  mechanisms  with  rf  >  1.5, 
such  as.  for  example,  the  perhydroxyl  mechanism,  if  operative 
at  all.  seem  not  to  contribute  significantly  to  the  OH  emis¬ 
sions.  An  upper  level  of  5%  may  be  estimated  to  be  the  largest 
possible  contribution 

4.  Summary 

From  continuous  24-hour  measurements  of  the  OH  (8-31 
band  mghtglow  emission  at  78.4° N.  a  mean  temperature  of 
237  K.  and  a  mean  band  intensity  of  596  R  is  found.  Temper¬ 
ature  variations  are  very  large,  showing  oscillations  with  ex¬ 
tremes  up  to  ±70  K  from  the  mean.  The  large  variation  be¬ 
tween  previous  temperature  measurements  [ Chamberlain  and 
Oliver.  1953;  Soxon.  1964;  Sivjee  et  al~.  1972]  at  latitudes 
70°-$5°N  cover  the  range  160  K  to  approximately  300  K  and 
was  previously  thought  to  be  too  large  when  compared  to 
measurements  at  lower  latitudes.  The  observation  of  this  vari¬ 
ation  m  a  single  24-hour  penod  from  a  single  station  lends 
credence  to  the  validity  of  all  the  previous  observations  In 
addition,  there  are  indications  that  these  large  variations  were 
due  to  the  passage  of  internal  gravity  waves  through  the 
mesosphere.  If  so,  the  extreme  amplitudes  of  the  variations 
imply  that  the  OH-emitting  layer  at  high  latitudes  ts  slightly 
higher  in  the  atmosphere  than  at  middle  and  low  latitudes  in 
January  [Frederick,  1979].  The  deduced  I  values  (A/  /  ATT) 
favor  the  ozone  mechanism  to  be  responsible  for  the  OH  emis¬ 
sion  with  the  possibility  of  an  additional  mechanism  contribu¬ 
ting  up  to  5%  of  the  emission. 
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TEMPERATURE  VARIATION  AT  MESOPAUSE  LEVELS 
DURING  WINTER  SOLSTICE  AT  78°N 
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Abstract—  Atmospheric  temperatures  from  the  polar  mesopause  are  deduced  from  spectrophoiometnc 
measurements  of  hydroxyl  bands  and  hues  m  the  mghi  airglow  made  at  78°N  dunng  December  and  January 
1980/  8 1  and  1982. 83.  An  overall  mean  temperature  of 220  K  is  found  with  a  range  from  1 72  to  257  K.  m  the  daily 
mean  values.  Several  warm  periods  lasting  3-6  days  may  be  due  to  heat  dissipated  by  gravity  waves.  One  week 
of  consistently  low  temperatures  was  apparently  connected  to  a  stratospheric  warming.  Both  datasets  show  a 
warmer  mean  temperature  lateT  in  January  than  for  early  and  mid-December.  The  polar  OH  airglow  seems  to 
peak  at  or  just  above  the  mesopause.  The  data  also  indicate  that  the  mesopause  is  situated  at  approx.  90  km 
with  an  upper  temperature  gradient  of  1  K.  km  "  ',  indicating  a  very  shallow  mesopause.  A  superposed  epoch 
analysis  of  19  consecutive  24-h  periods  reveals  a  semidiurnal  variation  m  the  temperature  around  winter 
solstice  with  an  amplitude  of  5  K.  No  diurnal  variation  of  amplitude  greater  than  1  K.  is  apparent.  Average  wind 
velocity  deduced  from  the  amplitude  of  the  semidiurnal  temperature  variation  is  9  m  s  ~ 1 


I.  INTRODUCTION 

Temperature  is  a  basic  physical  parameter  of  the 
atmosphere.  It  is  involved  in  most  of  our  understanding 
of  atmospheric  processes  and  behavior. 

Common  temperature-measuring  techniques  above 
the  troposphere  involve  radiosonde  balloons,  grenade 
probes,  rockets,  satellites  and  different  methods  of 
optical,  l.r.  and  radar  remote  sensing. 

Temperatures  in  the  polar  mesosphere  and  lower 
thermosphere,  i.e.  60-1 10  km.  are  only  crudely  known 
from  sporadic  measurements  and  only  a  single,  all¬ 
seasons  80°N  model  for  the  altitude  range  25-80  km  is 
given  in  CIRA  1972.  Variations  assumed  to  be  caused 
by  phenomena  such  as  tides,  winds,  gravity  waves,  etc. 
are  not  included. 

Recently,  satellite  probes  such  as  those  on  board  the 
Nimbus  and  TIROS-N  NOAA  series  (Sissala,  1975; 
Rodgers.  1977 ;  Schwalb,  1978 ;  Drummond  et  al..  1980) 
have  provided  temperature  measurements  of  the 
stratosphere  and  mesosphere  up  to  the  60-70  km 
region.  Emissions  from  the  1 5  jim  bands  of  atmospheric 
CO  2  are  used  to  deduce  these  temperature  profiles 
(Rodgers,  1 976 ;  Gille  et  al .,  1980).  Above  80  km  COz  is 
not  in  local  thermodynamic  equilibrium  and  thus 
temperatures  obtained  by  radiance  inversion  from 
channels  including  this  height  could  be  largely  in  error 
(Drummond  et  al.,  1980).  Above  60  km,  vertical 
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resolution  is  in  the  range  15-30  km  (Rodgers.  1977; 
Barnett,  1980)  leaving  60  km  as  the  approximate  upper 
height  for  usable  temperature  determination. 

While  rocket  and  gun-probe  measurements  give  a 
single  profile  in  time  and  space,  satellites  may  cover  the 
entire  globe  within  a  24-h  period  (Sissala,  1975). 
Satellites  are  therefore  superb  for  measuring  the  large 
scale  spatial  and  temporal  variations  of  temperature 
caused  by  the  main  global  transport  and  heating 
processes. 

Nevertheless,  for  continuous  measurements  of  the 
dynamical  behavior  of  temperature  in  local  time 
(caused  by  gravity  waves,  tides,  winds,  etc.),  ground- 
based  remote-sensing  techniques  are  the  only  tool.  Ia 
the  mesopause  region  (i.e.  80-95  km  altitude)  one 
ground-based  technique  is  to  extract  temperatures 
from  the  measured  intensity  distribution  among  the 
rotational  lines  of  particular  vibration  band  of  the 
hydroxyl  nightglow  emission  (Kvifte,  1959). 

Mesopause  region  temperatures  have  been  obtained 
this  way  since  Meinel  (1950)  identified  the  OH  band 
system  in  the  night  airglow.  Numerous  investigators 
have  reported  temperatures,  their  different  variations 
and  connection  to  other  atmospheric  parameters  and 
processes  (Kvifte,  1960;  Wallace.  1961 ;  Noxon,  1964  ; 
Shefov,  1969:  Visconti  et  al.,  1971 ;  Sivjee  et  al .,  1972; 
Wiens  and  Weill,  1973;  Takahashi  et  al.,  1974,  1977. 
1981 ;  Takeuchi  et  al.,  1979). 

Due  both  to  environmental  problems  and  problems 
with  auroral  contamination  (Meriwether,  1975)  a 
sparse  amount  of  OH-derived  temperatures  exist  for 
high  latitudes  and  only  a  few  occasional  measurements 
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are  reported  for  latitudes  greater  than  70'"  i  Myrabo  et 
at..  1983).  This  is  also  true  of  other  ground  based 
techniques.  Asa  result,  the  effects  oi  gravity  waves,  tides 
and  winds  in  the  polar  mesosphere  and  mesopause 
region  are  not  yet  experimentally  investigated. 

The  purpose  of  this  paper  is  to  report  and  discuss 
results  from  recent  measured  Cii  rotational  tempera¬ 
tures  at  ?8':V 

2.  observations  and  data  reduction 

The  OH  emission  data  employed  in  this  work  were 
part  of  measurements  undertaken  during  the  1980  81 
and  1982.83  campaigns  of  the  Multi-National 
Svalbard  Auroral  Expedition  I Deehr  et  at..  1980)  close 
to  Longyearbyen  on  West  Spitsbergen  (78.4'N,  Lat.. 
15’E,  Long,  geographic). 

OH  emissions  are  normally  predominant  in  the  near- 
i.r.  part  of  the  night  sky  spectra.  Contamination  by 
auroral  molecular  emission  in  the  auroral  zone 
(Vallance-Jones,  1974;  Meriwether,  1975)  is  normally 
insignificant  at  Spitsbergen  because  auroras  are 
generally  at  a  high  altitude  and  emit  mainly  atomic  lines 
(Sivjee  and  Deehr.  1980).  Thus,  a  normal,  high- 
responsivity  auroral  spectrophotometer  operated  at  a 
resolution  around  4  A  or  less  may  be  used  to  measure 
most  of  the  OH  bands  and  lines  dearly  resolved  from 
auroral  emissions. 

At  the  Longyearbyen  Observatory,  a  1  m  and  a  1  2  m 
high-throughput  Ebert-Fastic  spectrophotometer  are 
coupled  to  a  rrum-computer  recording  in  the  photon¬ 
counting  mode.  The  1  m  instrument,  used  for  the 
measurements  reported  here,  is  further  described  by 
Dick  et  at.  1 1970)  and  Sivjee  et  at.  ( 1972). 

The  spectrophotometer  was  normally  operated  for 
24  h  a  day  from  December  1982  to  January  1983. 
(During  1980/81  other  spectral  regions  were  scanned 
and  24-b  operation  was  not  routinely  performed.) 
Spectra  were  rejected  when  Fraunhofer  absorption 
lines  appeared  during  the  twilight  period  <i.e.  3-6  h 
during  mid-day  in  the  last  half  of  January  (983)  and 
during  full  moon  with  overcast  weather.  Operation 
ceased  only  during  snow  or  storm.  The  sensitivity  of  the 
instrument  allowed  temperatures  on  an  hourly  basis  to 
be  extracted  even  during  overcast  sky  conditions. 

The  spectrophotometer  was  pointed  towards  the 
zenith  and  the  7280-7410  A  region  was  scanned  in  8  or 
32  s  using  the  spectrophotometer  in  the  second  order 
with  a  1  mm  slit  corresponding  to  a  bandwidth  of  1 .5  A. 
Each  scan  was  recorded  on  magnetic  tape.  Individual 
rotational  temperatures  were  calculated  from  l-  and 
3-h  integrated  scans,  by  employing  Kvifte's  method 
using  the  intensity  ratio  of  the  P,(2),  JPt<3).  P,|4)  and 
P,<5)  lines  (Kvifte,  1959). 
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Fig.  I.  An  example  of  the  spectra  used  for  dfolcjng 

TEMPERATURE. 

Each  spectrum  is  acquired  during  a  60  mini  or  180  mini  penod 
summing  450  U350i  scans.  In  addition  to  ihe  OH  i8-3l  P 
branch  lines,  the  forbidden  oxygen  doublet  at  "320  30  \ 
originating  in  the  aurora  is  indicated. 

The  quality  of  the  spectra  used  for  temperature 
deduction  may  be  seen  in  Fig.  1  Probable  error  in  a 
single  calculated  temperature  is  estimated  to  be  ^  3  K 
caused  by  the  uncertainty  of  defining  the  background 
levels. 

Daily  mean  temperatures  are  based  on  24-h  averages 
of  the  1-  and  3-h  temperatures.  For  diurnal  variation 
only  t-h  integration  was  used. 

The  auroral  activity  was  monitored  by  the  intensity 
of  the  732030  A  Oil  lines.  Additional  care  was  taken  to 
assure  that  there  was  no  contamination  from  N ,  1 P  and 
other  auroral  molecular  emissions. 

3.  RESU  LTS  AND  DfSCLSSION 

3.1.  Day-to-day  variability  and  December- January 
pattern 

Temperatures  for  each  day  from  5  December  to  30 
January  1983  as  derived  from  the  hourly  (3-h)  means 
are  plotted  in  Fig.  2.  The  daily  means  are  indicated  by 
filled  circles  and  straight  lines  are  drawn  between  each 
mean.  Dashed  lines  indicate  that  the  temperature  for 
one  or  more  days  is  missing.  Heavier  lines  indicate  the 
daily  mean  temperatures  obtained  from  OH  emissions 
during  the  1980  81  campaign. 

Some  of  the  1980/81  measurements  did  not  cover  a 
whole  24-h  period.  Missing  temperatures  were  added 
where  possible  by  interpolation  before  daily  means 
were  calculated.  Due  to  a  different  observing  program 
during  1980/81.  a  number  of  OH  bands  other  than  the 
8-3  band  were  utilized  to  obtain  the  temperatures 
shown. 

The  most  obvious  feature  in  Fig.  2  is  the  large,  week- 
long  cold  penod  arou  d  January  l.  followed  by  a 
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Fig.  2.  Mean  oaily  tempera tures  for  December  and  Jam; ary 


warming  to  a  peak  in  the  daily  mean  temperature  of 
257  K  in  mid-January.  The  similarity  between  the 
1980/81  and  1982,83  temperatures  is  also  striking,  i.e.  a 
tendency  to  a  higher  mean  temperature  in  mid-January 
compared  to  early  and  mid- December. 

The  2-6  day  warming  penods  previous  to  the  cold 
period  may  be  explained  by  heat  deposition  from 
gravity  waves  dissipating  in  the  upper  mesosphere, 
mesopause  region  (Hines,  1965).  The  energy  available 
by  dissipating  gravity  waves  seems  to  be  able  to  provide 
a  heating  rate  of  at  least  10  K  day  '  '  at  90  km  <  Hines. 
1965:  Clark  and  Morone,  1981)  which  is  sufficient  to 
explain  the  warming  periods  in  Fig.  2.  Since  gravity 
wave  activity  is  believed  to  be  associated  with 
tropospheric  weather  systems  such  as  fronts,  cyclones, 
jet  streams,  etc.  (Clark  and  Morone.  1981 ,  Krassovsky 
and  Shagaev.  1977)  the  duration  of  the  heating  is  likely 
to  be  of  the  order  of  days.  This  fits  the  observed  data.  It 
may  also  be  noted  that  from  the  spectrum  of 
atmospheric  winds  velocity  fluctuations  at  86  km 
altitude,  as  measured  from  Poker  Flat.  Alaska  (65’N  gg 
Lat.,  147°W  gg  Long..  BalsJey  and  Carter,  1982),  a 
significant  peak  in  the  power  density  spectrum  appears 
at  a  period  around  3-4  days.  Time-averaged  OH 
rotational  temperature  and  mesospheric  temperatures 
generally,  are  closely  associated  with  wind  fluctuations 
(Krassovsky  and  Shefov,  1980). 

It  seems  less  likely  that  gravity  waves  originating  in 
connection  with  heating  caused  by  ion  drag  or  Joule 
heating  during  magnetospheric  substorms  contain 
enough  energy  to  heat  the  mesopause  region  tens  of 
degrees  for  a  period  of  several  days.  For  example, 
during  the  substorm  of  15  February  1978  approx. 
1022  erg  was  released  into  the  ionosphere  during  6-7  h 


iShashun  Kina  and  Yudovich.  19801.  According  to 
Brekke  ( 1977)  even  if  a  significant  part  (i.e.  20° 0)  of  this 
energy  is  deposited  at  80-90  km  level,  it  could  not 
increase  the  temperature  by  more  than  somejenths  of  a 
degree.  This  does  not  rule  out  the  possibility  that 
gravity  waves  originating  in  the  ionosphere  in 
connection  with  geomagnetic  storms  could  cause 
significant  oscillations  of  the  mean  temperature  in  the 
mesopause  region.  We  find,  however,  no  clear 
connection  between  these  3-7  day  warming  penods 
and  geomagnetic  activity  or  substorms. 

The  I  week  cold  penod  (^200  K)  observed  at 
year's  end  and  the  continuous  warming  from  1 72  to 
257  K  (i.e.  85  K)  in  the  daily  mean  temperature  seemed 
too  large  to  be  connected  with  gravity  waves.  Its  long 
duration  could  suggest  that  it  was  connected  to  large 
scale  transport  of  cold  air  from  low  or  mid-latitudes. 
Another  means  of  producing  such  a  large  change  in 
temperature  is  in  connection  with  a  “stratospheric 
warming”  or  “stratwarm"  (Labitzke,  1980l.  Initial 


Fig.  3  Hourly  mean  temperatures  for  24-h  period  at 
Longyearbyen,  78  N 
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warming  of  the  polar  stratosphere  is  expected  to 
produce  a  cooling  effect  at  the  mesopause  (Labitzke, 
1977 ;  Scboeberl.  1978).  A  stratospheric  warming  is  seen 
on  the  10  mbar  level  charts  around  31  December 
(Najoukat  et  al. ,  1983).  Thus,  the  direct  connection 
between  these  two  phenomena  seen  here  (i.e.  a  drop  in 
the  observed  temperature  of  the  mesopause  around  the 
stratwarm)  confirms  the  theory  iLabitzke,  1977). 

As  one  would  expect,  the  large-scale  temperature 
trend  is  clearly  visible  in  the  data  from  individual  24-h 
periods,  i.e.  there  is  normally  a  longer-term  trend  taking 
place  with  shorter  fluctuations  superimposed  'less  than 
1  day).  Figure  3  illustrates  this  by  showing  a  slice  of 
the  downward  trend  in  the  cold  period  late  in  December 
1982.  Figure  3  contains  a  typical,  moderate  fluctuation 
pattern,  but  there  are  also  observations  of  very  large 
and  violent  fluctuations  in  temperature  with  ampli¬ 
tudes  in  excess  of  ±  70  K  (Myrabo  et  al ..  1983). 

3.2.  The  height  of  the  OH  emissions  layer,  the  mesopause 
level  and  the  temperature  gradient 

Laboratory  measurements  by  Charters  et  al.  (1971) 
showed  that  at  pressures  comparable  to  those  at  80- 
100  km  height,  an  increase  in  the  pressure  leads  to  an 
increase  in  the  OH  excitation  rate  in  inverse  proportion 
to  the  number  of  the  vibrational  state.  A  result  of  this 
would  be  that  emissions  from  lower  vibrational  levels  of 
the  OH  molecule  would  correspond  to  a  slightly  lower 
altitude  range  in  the  atmosphere. 

This  interpretation  was  suggested  by  Gattinger 
(1971)  and  employed  by  Wiens  (1974)  to  interpret 
regular  changes  of  the  OH  (8-3M5-1)  band  intensity 
ratio  during  the  night  at  Adi  Ugri. 

Figure  4  shows  the  temperatures  from  the  different 
bands  before  averaging  and  interpolation.  Some  of  the 
scatter  may  be  explained  by  the  different  bands  not 
covering  the  same  time  interval.  This  was  the  case  for 
most  of  the  January  measurements.  When  different 
bands  were  acquired  simultaneously,  the  differences  in 
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Fig.  4.  Temperatures  as  derived  from  the  different  OH 
bands  for  the  1980-1981  measurements. 

Symbols  indicate  the  different  bands. 


temperature  between  the  bands  were,  in  most  cases, 
within  the  measuring  uncertainty  (i.e.  4  Ki 

Taking  all  the  1980  81  measurements  for  December 
together,  there  is  a  small  tendency  for  the  temperatures 
obtained  from  OH  i9— 4)  and  OH  (9-3)  bands  to  be 
slightly  higher  than  those  from  the  OH  ( 5—  1 )  and  OH 
(6-2)  bands  (see  Fig.  4).  The  mean  temperature 
difference  between  the  (9-4)  and  the  (5-1 1  band 
temperatures  is  found  to  be  3  K  which  is  statistically 
significant. 

Rodgers  et  al.  (1973)  reported  from  their  rocket 
observation  a:  Poker  Flat  (65  N  gg  Lat.)  that  the 
emission  height  profile  of  the  lower  vibrational  bands  of 
OH  is  displaced  to  lower  altitudes.  They  suggested 
chemical  quenching  by  atomic  oxygen  to  be  responsible 
for  the  observed  effect  together  with  an  additional 
excitation  process.  Simultaneous  observations  of  OH 
(9.4),  (8,3),  (7.2),  (6.2)  and  (5, 1)  band  intensities  by 
Takahashi  and  Batista  (1981)  may  also  be  interpreted 
as  support  for  the  hypothesis  that  quenching  is 
responsible  for  the  observed  altitude  distribution. 

Rodgers’  measurements  were  performed  at  high 
latitude (65°N  gg  Lat.)  during  March  while  Frederick  et 
al.  (1978)  used  data  from  satellite  measurements  in 
May-June  and  for  low  latitudes.  Use  of  these  two 
independent  measurements  covering  different  latitudes 
and  seasons  to  deduce  height  difference  between  the 
OH  band  emissions  as  done  by  Takahashi  and  Batista 
(1981)  is  open  to  question. 

Taking  the  height  of  the  peak  v  *  9  level  emission 
from  Frederick  et  al.  (1978)  and  the  v  *  5  level  from 
Rodgers  et  al.  (1973)  results  in  a  height  difference  of 
approx.  1  km.  This  implies  a  temperature  gradient  of 
3  fC  km  ‘  V 

From  winter  observations  at  Zvenigorod  (55'N) 
during  gravity  wave  propagation  in  the  mesosphere. 
Krassovsky  and  Shagaev  (1977)  report  a  significantly 
larger  temperature  disturbance  in  temperatures 
deduced  from  the  v  *  9  level  then  from  the  v  =  4  level. 
Average  temperature  differences  between  the  two  levels 
were  found  to  be  12  K  ranging  from  3  to  26  K.  On 
another  occasion.  Krassovsky  et  al.  (1977)  report 
temperature  differences  between  the  v  =  9  and  v  =  5 
level  temperatures  of  3-14  K  with  a  mean  close  to  6  K. 
If  this  is  to  be  interpreted  as  corresponding  to 
temperatures  at  the  respective  emission  heights  of  the 
different  bands,  the  peak  altitude  difference  as  deduced 
from  Rodgers  et  al.  ( 1973)  and  Fredericks  ai.  ( 1978)(i.e. 

1  km)  seems  too  small. 

Using  the  temperature  slope  deduced  from  U  S. 
Standard  Atmosphere.  Supplement  1966  for  60’  N. 
winter,  for  the  89-98  km  level  just  above  the  mesopause 
(i.e.  1.8  K  km-1)  and  the  temperatures  derived  by 
Krassovsky  et  al..  a  mean  height  difference  of  at  least 
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3  km  would  be  expected  between  the  i9-3)  and  1 5—  I ) 
bands.  Observations  during  gravity  wave  propagation 
condittonsreported  by  Krassovsky  and  Shagaev  (  197?) 
and  Shagaev  ( 1980)  give  an  average  height  difference  of 

4  km.  Applied  to  our  results  this  establishes  a  positive 
temperature  slope  in  the  range  0.8-1  K  km ' l. 

From  the  results  by  Krassovsky  and  Shagaev  ( 1977), 
Krassovsky  et  aL  1 1977)  and  our  result  presented  here, 
it  is  seen  that  the  OH  emission  is  situated  in  an  altitude 
range  with  a  positive  temperature  slope.  This  may  be 
interpreted  to  mean  that  the  mesopause  is  at  approx. 
80  km  with  the  OH  emissions  originating  in  the  80- 
85  km  region.  This  interpretation  is  in  agreement  with 
the  rocket  observation  of  Rodgers  et  a  .  ( 1973)  at  65  N 
in  March. 

However,  the  very  large  amplitude  temperature  and 
intensity  disturbances  at  78°N  (probably  due  to  the 
passage  of  gravity  waves!  reported  here  and  by  Myrabo 
et  al.  (1983)  indicate  a  higher  altitude  layer.  Results 
reported  by  Shagaev  (1980)  from  Zvenigorood  (5S'N) 
also  indicate  a  mesopause  above  85  km  in  winter.  A 
temperature  slope  of  1.8  K  km  ~ 1  was  reported. 

The  polar  winter  vortex,  which  has  a  peak  westerly 
flow  at  about  50-60  km  altitude  ( Rodgers,  1977).  forces 
the  stratopause  and  mesopause  at  extreme  high 
latitudes  in  winter  to  be  situated  at  higher  altitudes  than 
elsewhere.  A  mesopause  at  about  80  km  in  early  winter 
at  78°N  is  therefore  unlikely,  and  a  more  reasonable 
interpretation  is  that  the  mesopause  is  situated  approx, 
at  90  km  and  the  OH  emissions —at  least  for  high  and 
extremely  high  latitudes  in  winter— peak  at  or  just 
above  90  km. 

From  the  temperature  slope  deduced  here  (i.e.  0.8- 
I  K  km '  it  seems  reasonable  to  point  out  that  the 
extreme  high  latitude  winter  atmosphere  does  not  seem 
to  have  a  very  pronounced  mesopause. 


Fig.  5.  Hourly  mean  temperatures  averaged  over  a  19-day 

PERIOD  AROUND  WINTER  SOLSTICE  FROM  9  DECEMBER  TO  27 

December  1982. 

Semidiurnal  trend  is  indicated. 


examined  for  regular  variations  with  periods  less  than 
or  equal  to  24  h.  originating  from  the  solar  tide  n  e. 
periods  of  the  type  24  m.  m  being  an  integer  1.  2.  3.  i 
Hourly  mean  temperatures  for  each  of  the  days  were 
superimposed  resulting  in  hourly  means  for  the  period. 
The  hourly  means  are  plotted  in  Fig.  5  and  a 
semidiurnal  trend  is  clearly  visible. 

A  semidiurnal  tide  curve  has  been  fitted  to  the  data 
following  the  method  of  Petitdidier  and  Teitelbaum 
(1977): 

tcT  T )  -  A  cos  [(2s  Am Z  —  Z0)-m2jt  Pit  —  rT)j], 

where  A  is  the  vertical  wavelength.  P  is  the  period.  Z(>  is 
the  altitude  of  OH  1 8-3)  nightglow  intensity  maximum. 
iT  is  the  time  of  maximum  temperature  T  at  Z0  altitude 
and  .4  is  the  amplitude  of  the  relative  variation  in  the 
temperature.  The  best  fit  gives  an  amplitude  of  5  K  and 
the  time  of  maximum  temperature  at  Of  U  T.  or  local 
Longyearbven  time  02  00. 

Semidiurnal  variations  in  the  OH  intensity  and 
deduced  temperature  are  reported  by  a  number  of 
authors  (Takeuchi  et  al.,  1979;  Takahashi  et  al..  1974. 
1977;  Petitdidier  and  Teitelbaum.  1977)  but  there  seem 
to  be  no  reports  based  on  OH  measurements  indicating 
a  diurnal  (i.e.  24-h)  temperature  trend. 

Spizzichino  (1969)  and  Teitelbaum  and  Blamont 
(1975)  argue  that  non-linear  interaction  with  gravity 
waves  is  more  important  for  the  first  diurnal  mode  than 
for  the  semidiurnal.  Thus,  the  effect  of  averaging  over 
several  days  (to  obtain  an  adequate  signal -to-noise 
ratio)  is  to  cancel  the  diurnal  mode  since  it  would  be  far 
less  stable  than  the  semidiurnal  mode. 

Continuous  observations  at  lower  latitudes  norm¬ 
ally  last  less  than  1 0  h,  which  emphasizes  a  semidiurnal 
tide  over  a  diurnal  one.  This  selective  effect  may 
therefore  be  present  in  previous  data.  The  data  here  are 
not  so  limited.  A  Fourier  analysis  of  periods  failed  to 
retrieve  an  ydjumal  tide  component.  If  it  does  occur,  the 
amplitude  is  less  than  1  K. 

According  to  Forbes  (1982),  model  calculations 
show  the  diurnal  tide  to  be  dominant  over  the 
semidiurnal  at  high  latitudes,  while  according  to  Beer 
<  1975),  the  semidiurnal  tide  dominates  over  the  diurnal 
at  high  latitudes.  Zonal  wind  speed  data  reported  by 
Spizzichino  (1970)  favor  Beer  (1975)  and  the  results 
reported  here.  Possible  dominance  of  the  diurnal  tide  at 
high  latitudes  on  a  shorter  time  scale  i i.e.  a  few  days)  is. 
however,  not  ruled  out  by  this  result. 

Krassovsky  and  Shefov  (1980)  have  showed  that  a 
linear  relationship  between  measured  OH  tempera¬ 
tures  and  wind  data  in  the  radio  meteor  region  exists. 
To  a  first  approximation  the  relation 


3.3.  Diurnal,  semidiurnal  and  short  time  variations 
Data  from  19  days  around  winter  solstice  from  9 
December  to  27  December  1982  were  selected  to  be 
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is  found  to  satisfy  the  temperature-wind  velocity 
relationship,  where  T  is  the  temperature.  A T  the 
temperature  increment,  i  the  imaginary  unit  li.e.  %  —  I ) 
representing  the  phase  shift,  y  the  ratio  of  specific  heats, 
v  the  wind  speed  and  c  is  the  speed  of  sound.  This 
relation  is  also  theoretically  justified  for  long  period 
waves  (Hines.  1965).  Applying  this  relation  to  our 
semidiurnal  tide  result,  and  taking  the  speed  of  sound,  c. 
to  be  258  m  (USSA.  Supplement  1966),  y  =»  1.4, 
7  =  218  K  and  AT  =  5  K.  results  in  a  mean 
semidiurnal  wind  speed  of  9  m  s  ~ '  which  seems  to  be  of 
the  right  order  of  magnitude  (Groves.  1980). 

4.  SUMMARY 

Ground-based  observations  of  atmospheric  OH 
emission  temperature  and  intensity  have  been  earned 
outat  78* N  during  December  and  January  1980,  81  and 
1982/83  (Fig.  2).  3-6  day  warm  periods  were  observed 
both  years  m  December.  In  1982.83  this  warm  period 
was  followed  by  1  week  of  consistently  lower 
temperatures  (down  to  172  K).  Common  to  both 
seasons  is  a  higher  mean  temperature  level  reached 
later  in  January  after  the  cold  periods.  This  is  consistent 
with  Quiroz's  (1969)  idea  of  a  higher  mesospheric 
temperature  in  January  than  in  early  winter,  i.e. 
November  and  December. 

We  find  evidence  of  a  stratospheric  warming 
(Najoukat  et  aL  1983)  near  the  cold  period  which 
explains  the  cold  mesosphere  (Labitzke.  1977). 

We  suggest  that  the  warm  periods  of  the  order  of  days 
are  due  to  heat  dissipated  from  gravity  waves 
originating  in  the  troposphere. 

The  overall  average  temperature  for  the  data  from 
the  1980/81  and  1982. 83  seasons  is  found  to  be  220  K. 
Assuming  that  the  OH  emission  at  high  latitudes  m 
winter  peaks  at  or  just  above  the  90  km  level,  this 
temperature  is  slightly  higher  than  the  80"' N  model 
from  CIRA  1972  at  80  km. 

The  difference  in  the  mean  temperature  obtained 
from  OH  (9-3)  and  (5-1)  bands,  assuming  a  height 
difference  of  3-4  km  ( Shagaev,  1 980)  is  used  to  deduce  a 
mean  temperature  slope  of  l  K  km  ‘  1 .  The  data  further 
indicate  that  OH  emissions  originate  at  or  just  above 
the  polar  mesopause  (i.e.  88-94  km).  The  size  of  the 
gradient  (i.e.  I  K  km " ' )  compared  to  similar  gradients 
obtained  at  lower  latitudes  (i.e.  —  1.8  K  km  ‘ 1  at  553N. 
Shefov.  1980;  1.84  K  km"1  at  60" N  (winter),  L'.S. 
Standard  Atmosphere.  Supplement  1966)  implies  that 
the  polar  mesopause  in  winter  is  less  pronounced. 

Superimposed  hourly  means  for  a  19-day  period 
around  winter  solstice  reveal  a  clear  semidiurnal  trend 
with  an  amplitude  of  5  K  (Fig.  5).  This  is  connected  to 
the  solar  semidiurnal  tide.  No  effect  of  solar  diurnal  tide 


is  apparent.  Wind  speeds  deduced  from  the  observed 
OH  tide  temperature  component  show  a  mean 
semidiurnal  wind  of  approx.  9ms  1 
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Abstract .  Temperatures  of  the  aesopause 
region  (35-90  Ra)  have  been  deduced  from  OH  (9-3) 
molecular  band  night  alrglow  emission  measure¬ 
ments  aade  at  Poker  Flat  (65*N),  Alaska.  The 
data  cover  the  first  9  aonths  of  each  of  the 
years  1976,  1977,  and  1978.  Mean  monthly  tem¬ 
peratures  of  229,  224,  213  and  193  K  were  ob¬ 
tained  with  no  significant  yearly  differences. 

The  mesn  temperature  for  each  month  is  about  15  K 
higher  than  the  respective  monthly  temperatures 
In  the  85  and  90  km,  60*  and  70*N,  CIRA  (1972) 
model,  and  Lt  follows  the  general  decreasing 
trend  shown  by  the  model. 

Introduction 

Temperatures  of  the  upper  atmosphere  at  the 
mesa  pause  level  (l.e.,  80-90  km)  are  Important 
for  studying  both  the  dynamics  and  Che  overall 
circulation  pattern  of  the  mesophere  and  In 
conjunction  with  other  data  can  be  used  to  study 
the  interaction  between  the  mesosphere  and  the 
thermosphere  and  stratoaphere .  Temperature  also 
plays  an  Important  part  In  the  local  chemistry. 

Rocket-borne  probes  and  ground-based  remote 
sensing  of  the  night  alrglow  OH  rotational  Line 
Intensity  distribution  have  been  the  main  method? 
used  to  obtain  the  80-90  km  altitude  temperature 
(Kvlfte,  1967;  Shefov,  1971;  Slvjee  et  al.,  1972; 
Lenschow  and  Petzoldt,  1980;  Myrabd,  1984]. 

High- latitude  (l.e.,  above  approximately  60*) 
mesopause  region  temperatures  are  very  sparse 
compared  to  chose  at  lower  latitudes.  Early 
spectral  measurements  yielding  OH  rotation  tem¬ 
peratures  at  high  latitudes  were  those  of  Chamber- 
Lain  and  Oliver  [1953];  Mironov  et  al.  [1958]; 
McPherson  and  Val lance- Jones  [I960]  and  Krassov¬ 
sky  et  aL.  [L962J.  However,  most  of  those  spec¬ 
tral  measurements  were  of  poor  quality  for  accur¬ 
ate  temperature  estimates  aad  some  are  even  known 
to  be  In  error  [Kvlfte,  1961,  1967;  Wallace, 

I960].  Later  and  probably  more  reliable  (ground 
based)  spectral  data  from  which  OH  temperatures 
were  obtained  were  reported  by  Kvlfte  [1967]  and 
Shefov  [1969].  Similar  data  from  airborne  observa¬ 
tions  were  described  by  Noxon  (1964]  aad  Slvjee  et 
al.  [1972].  In  situ  temperature  measurement*  from 
rocketsondes  were  made  from  Fort  Greely  (64*N)  and 
Helss  Island  (819N)  (CIRA,  1972). 

The  most  recent  observations  are  the  OH  tempera¬ 
tures  reported  from  Longyearbyen,  Spitsbergen 
(78>4*N)  [Myrabd,  1984;  Myrsbd  and  Deehr,  1984; 
Myrabd  et  al.,  1983]  and  the  roc.ketsonde  temperature 
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observations  from  Helss  Island  as  part  of  the 
Middle  Atmosphere  Program  (MAP)  [Naujokac,  et  al., 
1983].  The  observations  reported  in  this  paper 
were  obtained  from  Poker  Flat,  Alaska  (65>11*N, 
147.46*W,  geographic  coordinates)  during  the  first 
4  months  in  the  years  1976,  1977,  and  1978  using  a 
high-throughput  Ebert-Fastie  spectromecer  to  resolve 
the  rotational  structure  of  the  OH  (8-3)  vibrational 
band  • 

Observations  and  Data  Reduction 

A  1-m  high-throughput  Ebert-Pastle  spectrophoto¬ 
meter  coupled  to  a  minicomputer  was  used  to  obtain 
the  night  sky  spectra.  The  Instrumentation  haa 
been  described  more  fully  in  the  papers  by  Slvjee 
ec  al.  [1972]  and  Romlcx  [1976].  For  the  meaeure- 
aents  reported  here,  the  Inecrument  was  normally 
pointing  coward  the  zenith,  operating  over  the 
spectral  region  7220  to  7450  X,  which  covers  the  OH 
(8-3)  band-  The  scan  time  over  the  band  wee  either 
8,  16,  or  32,  using  a  slit  width  of  1  am,  corre¬ 
sponding  to  a  spectral  resolution  around  2  X.  In 
the  auroral  regioa,  aurorally  enhanced  atomic  and 
molecular  emissions  can  overlap  the  near-infrared 
night  alrglow  emissions,  making  it  almost  Impossi¬ 
ble  to  obtain  reliable  OH  rotational  temperatures 
foe  long  periods  of  time  (Nallance-Jones ,  197<»; 
Meriwether,  1975;  Myrabd,  1984]. 

To  avoid  contamination  by  auroral  emissions,  we 
have  used  relatively  high  spectral  resolution  and 
have  selected  magnetically  quiet  periods  mostly 
during  the  evealng,  when  the  oval  is  well  north  of 
the  observing  station.  Each  of  the  OH  spectra  have 
In  addition  been  carefully  inspected  for  any  possi¬ 
ble  auroral  contribution.  The  pteseace  of  aurora 
could  easily  be  detected,  as  this  spectral  region 
contains  both  the  strong  NjlP  (5,3)  and  (6,4)  bands 
as  well  as  the  011  (2D-*P)  Lines.  Spectra  showing 
any  sign  of  these  auroral  emissions  have  been  re¬ 
jected  from  the  analysis. 

From  the  selected  data  sec,  30-minute  and  60- 
mlnute  integration  periods  were  used  to  obtain 
the  individual  OH  rotational  temperatures.  The 
OH  Pj.(2),  PL(3),  Pi(4),  Pl(5),  and  P^b)  lines  and 
the  method  of  Kvlfte  [1959]  were  used  to  calcu¬ 
late  Che  temperature.  The  rqcatlonal  tens  values 
used  in  the  plot  of  In  (I/sv-*)  against  F(J) 
hc/K  were  calculated  using  the  data  taken  from 
Oleke  and  Crosswhite  [1948],  Kvlfte  [1959], 

Herman  and  Hornbeck  [1953],  Baas  and  Garvin 
[1962],  Chamberlain  and  Roesler  [1955],  and  Rosen 
[1970].  The  term  values  for  v  •  8  are  almost 
identical  to  Chose  listed  by  Coxon  and  Foster 
[1982] . 

It  has  been  suggested  that  the  temperatures 
quoted  here  should  be  recalculated  using  the 
transition  probabilities  by  Mle*  [1974]  [c.f. 
Meriwether,  19751.  Use  of  Mies's  values  lowers 
the  calculated  values  by  approximately  4?,  bring¬ 
ing  them  closer  to  the  CIRA  (1972)  model.  There 
la  disagreement,  however,  as  to  the  fit  of  Mies's 
calculations  to  the  experimental  data  [cf. 
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fig.  1»  Example  of  a  spectrum  aged  to  deduce  the 
OH  rotational  temperatures.  The  speccrua  La 
obtained  by  sunning  LIZ  Lb-3  Individual  scans  over 
30  aln.  In  addition  to  the  OH  (8-3)  Lines,  the 
Locations  of  the  S2IP  band  and  OLI  Lines  origi¬ 
nating  in  the  aurora  are  Lndlcated*  The  Lack  of 
aay  broadening  at  the  base  of  the  P].(2)  and  P2(3) 
lines  Lndicaces  the  absence  of  any  auroral  emis¬ 
sion. 


Werner  ec  al.,  19831.  It  is  questionable,  how¬ 
ever,  if  the  corrections  to  the  lambda-doubling 
parameters  would  have  any  effecr  oa  the  derived 
ceaperacures,  especially  at  the  higher  vibration- 
aL  quantua  numbers  in  use  here.  We  have  there¬ 
fore  elected  to  retain  the  present,  traditional 
oethod  of  temperature  calculation  until  we  have 
Investigated  more  thoroughly  a  comparison  between 
Che  methods. 

An  example  (Figure  l)  of  a  spectrum  obtained 
using  a  30-minute  Integration  time  Illustrates 
Che  Lack  of  auroral  features  and  the  typical 
signal-to-nolsa  ratio  for  the  individual  OH  Lines 
used  to  calculate  the  temperature.  The  similar 
shape  at  the  base  of  the  P^(2 >  and  P2O)  lines 
compared  to  the  Pj ( 3 > ,  ?i(4),  and  P^(5)  lines 
clearly  shows  the  lack  of  any  auroral  contribu¬ 
tion.  tn  addition  to  the  OH  lines,  the  wave¬ 
lengths  of  the  main  auroral  features  are  Indi¬ 
cated  . 

The  typical  uncertainty  in  each  calculated 
temperature  (aa  given  by  the  standard  deviation 
of  the  regression  line  [see  Kvifce,  1959]  is  es¬ 
timated  to  be  i5  K.  From  the  individual  tempera¬ 
tures,  daily  means  are  calculated.  Each  daily  mean 
covers  a  minimum  observing  period  of  2  hours, 
with  the  average  being  4  1/2  hours. 

Results  and  Olscussioa 

Dally  mean  temperatures  deduced  as  previously 
described  for  the  years  1976,  1977,  and  1978  are 
plotted  la  Figure  2.  The  temperature  values  for 
each  year  are  marked  with  different  symbols.  A 
beat  fit  second  degree  polynomial  curve  (dashed 
curve)  is  drawn  through  the  combined  jet  of 
individual  dally  means.  The  CIRA  (1972)  tempera¬ 
tures  for  6Q*tf  at  both  the  85-  and  90-ka  heights 
are  also  plocted  in  Figure  2  for  the  appropriate 
time  of  the  year. 

The  3-year  means  for  January,  February,  March, 
and  April  are  229,  224,  213,  and  193  K,  respect¬ 


ively.  The  January  througn  April  mean  Is  219  K. 
In  review,  the  data  lo  Figure  2  show  no  clear 
tendency  for  a  yearly  trend,  thus  Implying  tnac 
Lf  there  is  a  solar  cycle/  geomagnetic  activity 
ail »ct  the  mesopause  temperature,  it  probably 

has  to  be  of  Che  order  of  5  K  or  less  for  the 
perclcular  period  represented  here  (l.e.,  1976 
through  1978).  It  should,  however,  be  stressed 
chat  the  amount  of  data  Is  coo  sparse  to  rule  out 
the  possibility  of  such  an  effect. 

It  Is  obvious  from  Figure  2  chat  the  measured 
OH  rotational  temperatures  are  higher  than  the 
appropriate  CIRA  (1972)  model  temperature.  The 
average  difference  between  Che  60*N,  90 -km  height 
model  temperature  and  the  -*..ured  mean  (dashed 
curve)  is  about  15  &  during  any  part  of  the  time 
period  covered.  The  difference  between  the  CIRA 
(1972)  60*N  and  7Q*N  temperatures  for  the  parti¬ 
cular  height  interval,  l.e.,  85-90  km,  and  time 
of  the  year  is  ooly  1-3  K,and  therefore  the 
latitudinal  change  would  little  impact  on  these 
results.  As  chs  lifetime  of  excited  OH  molecules 
is  long  enough  co  permit  c he  raa 11 ration  with  the 
ambient  gas  at  85-90  km,  the  OH  rotational  tem¬ 
perature  should  be  representative  of  the  neutral 
gas  temperature  of  the  emitting  region  within  a 
degree  or  so  [Krassovkay  et  al.,  1977].  From 
rocket  observations ,  OH  emission  is  found  co  peak 
between  85  and  90  km  with  a  typical  half  width  of 
10  km  (Evana  ec  al.,  1973;  Witt  ec  al.,  1979; 
Uacanabe  et  al.,  1981.  Emissions  from  the  higher 
vibrational  Levels  peak  slightly  higher  la  the 
atmosphere  chan  do  Che  emissions  from  the  lower 
vibrational  bands  [Shagayev,  1980].  Thus  there 
Is  no  reason  to  believe  that  the  rotational 
temperatures  as  deduced  from  the  OH  (8-3)  band 
emissions  do  not  represent  the  neutral  gas  tem¬ 
perature  in  the  85-90  km  height  region.  We  aay 
therefore  conclude  chat  the  observed  neutral  gas 
temperatures  are  tn  agreement  with  the  tread  but 
differ  somewhat  la  magnitude  compared  with  the 
CIRA  C 1972 >  model  temperatures  for  this  particu¬ 
lar  Latlcude  and  time  of  the  year. 

A  similar  difference  was  reported  by  Sivjee  et 
al.  [1972]  for  the  60*-70#N  region,  showing  a 
mean  temperature  for  the  flights  close  to  225  K 


Pig.  2.  Daily  mean  night  alrgiow  OH  rocatlonal 
temperatures  sc  Poker  Flat,  Alaska,  during  the 
first  4  months  of  the  years  1976,  1977,  and  1978. 
A  best  fit  second-degree  polynomial  curve  Is 
drawn  (dashed  curve)  through  the  sec  of  indivi¬ 
dual  dally  means.  The  CIRA  (1972),  60*N,  85-  and 
90- km  height  temperatures  for  the  respective 
months  are  indicated  by  the  soLLd  curves. 
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during  January  Co  March  1968,  which  Is  at  leaec 
10  K  higher  chaa  the  appropriate  CIRA  (1972) 
m oa«i  v«*perature .  Further  dliterences  may  also 
be  found  in  a  9uaoary  of  OH  rotational  tempera¬ 
tures  with  latitude  by  Kvifte  [1967].  Proa  these 
data  a  65*N  aidwlnter  OH  rotational  teaperature 
above  240  K  aay  be  deduced.  The  tendency  of  the 
CIRA  (1972)  aesopauae  midwinter  temperature  model 
at  high  latitudes  to  be  9oaawhat  low  is  further 
supported  by  our  recent  findings  froa  Longyear- 
byen,  Spitsbergen  (78  .e*Ji)  during  the  1982/1983 
season  [Myrabd,  1984;  Myrabd  et  ml.,  1984]. 

Thus  the  available  winter  mesopeuse  eeaperatures 
deduced  froa  OH  vibration-rotation  spectra  at 
high  latitudes  ail  show  the  saae  tendency;  i.e., 
the  measured  values  are  higher  than  the  CIRA 
(1972)  aodel,  but  the  general  decreasing  trend  is 
the  saae.  Simultaneous  ground-baaed  OH  rotation¬ 
al  teaperature  measureaents  froa  several  high- 
latitude  stations  are  needed  to  clarify  the 
mesopause  caaperature  behavior  at  high  latitudes. 
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Abstract  —  OH  1 8-3)  band  rotational  lemperature  was  observed  at  78.4CN  during  a  stratospheric  warming 
event.  A  negative  temperature  wave  of  the  order  of  40  K  observed  ncai  ihe  mesopause  seems  io  be  associated 
with  a  corresponding  stratospheric  warming  of  the  order  of  20  K.  A  I -2-day  delay  is  observed  between  the 
maximum  stratospheric  warming  and  the  maximum  cooling  near  the  mesopause  seen  in  the  OH  rotational 
temperature  change. 


INTRODUCTION 

The  sudden  mid-winter  stratospheric  warming  in  the 
Northern  Hemisphere  was  first  discovered  by  Scherlag 
1 1952).  During  such  a  warming,  the  circulation  pattern 
and  temperature  profile  of  the  stratosphere  and  lower 
mesosphere  are  changed  (Finger  and  Tewels.  1964). 
Basically  the  cold  polar  vortex  existing  over  the 
northern  winter  pole  becomes  broken  and  zonal 
wmdflow  is  weakened.  Rocket  temperature  studies  and 
satellite  radiance  observations  show  that  the  mesos¬ 
phere  cools  under  these  conditions.  Changes  in  OH  and 
Na  airglow  emissions  have  also  been  correlated  with 
the  stratospheric  warmings  (Huntcn  and  Godson. 
1967 ,  Rundle  and  Sullivan,  1972 ;  Shefov,  1973 ;  Reed, 
1976;  Fishkova,  1978).  The  cooling  in  the  upper 
mesosphere  l  Labitzke.  1977]  (at  least  in  the  70-80  km 
region),  should  result  in  decreased  airglow  emissions 
(Moreels  et  al. ,  1977)  contrary  to  observed  results 
(Reed,  1976;  Walker  and  Reed,  1976).  These  observed 
enhanced  emission  rates  are  therefore  probably  mainly 
due  to  a  mixing  and  redistribution  of  the  atmospheric 
constituents  associated  with  the  breakdown  and 
reversal  of  the  polar  circulation  pattern. 

The  development  of  the  rocketsonde  led  to  in  situ 
measurements  of  temperature  with  altitude  through  the 
mesosphere,  and  typically  a  few  temperatures  were 
obtained  each  week  from  regular  observations.  Heiss 
Island  (81  :N.  58°E)  has  been  the  main  site  for 
observations  in  the  polar  regions.  How  representative 

*On  leave  from  Norwegian  Defense  Research  Establish¬ 
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the  instantaneous  mesopause  temperatures  at  these 
latitudes  are  for  the  daily  or  weekly  averages  is  highly 
questionable  (Myrabo  et  al..  1983 ;  Mvrabo,  1983  .  see 
also  Noxon.  1978 ;  Wemstock.  1978).  This  may  also  be 
inferred  from  the  large  variations  in  the  temperatures 
observed  iCIRA.  1972).  More  recently,  satellites  have 
provided  world  coverage  of  stratospheric  and  mesos¬ 
pheric  temperatures  up  to  approximately  60-70  km 
altitude.  However,  the  satellite  temperature  data  are 
not  reliable  above  60-70  km  altitude.  Thus,  ground- 
based  remote  sensing  of  airglow  emissions  is  necessary 
to  obtain  temperatures  of  the  mesopause  region  ii.e.. 
85-95  km)  with  a  much  better  temporal  continuity  than 
can  be  provided  by  rocket  flights. 

The  purpose  of  this  paper  is  to  report  nightglow  OH 
rotational  temperatures  in  the  winter  polar  cap  region 
during  a  stratospheric  warming  event.  A  more  extended 
treatment  of  mesopause  temperature  behaviour  in  the 
winter  polar  cap  has  been  given  in  an  earlier  paper 
(Myrabo.  1983). 


OBSERVED  TEMPERATURES 

The  OH  emission  data  employed  in  this  work  were 
taken  near  Longyearbyen  on  West  Spitsbergen 
(78.4°N:  I5'E)  during  the  1982.83  Multi-National 
Svalbard  Auroral  Expedition  (Deehr  et  al..  1980).  The 
spectral  region  7280-7410 A  covering  the  OH  (8-3) 
band  was  scanned  employing  a  I  m  Ebert-Fastie 
spectrophotometer  operating  in  the  photon  counting 
mode  and  coupled  to  an  on-line  digital  data  processing 
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systemiSivjeeer  ai.  1972).  A  bandwidth  of  1.5  A  dearly 
resolved  the  OH  <8-3j  ?  lines  from  auroral  emissions. 

The  spectrophotometer  was  normally  run  for  24  h  a 
day  during  most  of  the  winter  solstice  period  from  5 
December  1982  to  30  January  1983  Individual  scans 
obtained  each  8  or  32  s  were  summed  and  averaged  to 
obtain  hourly  mean  intensities.  The  temperatures  were 
then  read  from  the  hourly  means  of  the  OH  P,  lines 
using  the  method  of  Kvifte  1 1959).  Probable  error  m  a 
single  calculated  hourly  temperature  is  estimated  to  be 
X  3  K.  The  occurrence  of  aurora  vs  indicated  on  the 
high  latitude  spectra  by  the  appearance  of  the  [Oil] 
'320-30  multiplet  among  the  lines  of  the  OH  1 8-3)  band. 
Molecular  emissions  such  as  the  N:  1  Pos.  bands  are 
only  rarely  seen  from  LongyearbyeniSivjee  and  Deehr. 
I980i  and  these  would  tend  to  increase  the  deduced 
rotational  temperature  by  contributing  relatively  more 
to  the  P, 1 5) and  P,(6i  lines  i  Meriwether.  I975i.  Further 
details  on  the  instrumentation,  data  taking,  and 
reduction,  and  examples  of  the  quality  of  the  data  are 
given  by  Myrabe  1 1983)  and  Myra  bo  et  ul  1 19831- 

In  Fig.  1  is  plotted  the  daily  mean  OH  rotational 
temperatures,  together  with  atmospheric  temperatures 
deduced  from  the  SSL'  satellite  over  the  northern  polar 
region  at  different  pressure  levels  as  given  by  Naujokat 
et  at.  1 1983)  for  the  1982  83  winter  i  The  temperature  is 
proportional  to  the  radiance  which  is  given  m  Fig.  I  for 
the  1.7  and  4  mbar  levels.  The  exact  proportionality 
depends  upon  the  atmospheric  composition,  so  the 
authors  elected  to  leave  the  data  in  units  of  radiance.) 
The  temperatures  (radiances)  are  arranged  vs  height  — 
30, 10. 4  and  1.7  mbar  corresponding  to  approx.  23.  30. 
36  and  42  km  altitude.  The  OH  (8-3)  rotational 
temperatures  are  representative  for  the  90  km  region 
with  an  altitude  thickness  of  about  10  km  ( Watanabe  et 
ul..  1 98 1 1.  The  rirst  warming  event  can  be  seen  to  occur 
in  the  end  of  December  while  the  second  main  event 
seen  at  the  10  mbar  level  took  place  near  the  end  of 
January  Unfortunately,  our  data  do  not  include  the 
second  event. 


DISCUSSION 

From  Fig.  1  itmay  be  seen  that  the  temperatures  at  all 
altitudes  show  irregular  fluctuations  from  day  to  day. 
The  amplitude  of  the  fluctuations  is  typically  twice  as 
large  in  the  OH  data  at  90  km  as  it  is  in  the  satellite 
data  from  the  30-40  km  region,  and  even  smaller 
fluctuations  are  normally  seen  in  the  20  km  region  lie.. 
30  mbar).  It  is  also  seen  that  the  different  heights  show 
significant  deviations  and  a  peak*to-peak  correspon¬ 
dence  cannot  always  be  found,  not  even  from  closely- 
related  curves.  The  difference  in  amplitude  between  the 


Fig.  I  OH  iS-3i  band  rotational  tempera t\ res  from 
Lung>earbyen<"S4  N.  15  E>  and  SSL  satellite  tempera- 

TERES  AND  RADIANCES  OVER  THE  NORTH  POLE  AT  DIFFFRLNT 
PRESSl  RE  LEVELS 

The  latter  areobtamed  trom  Beilage  zur  Berliner  Weaerkarte 
b.5  1983  tNaujokai  ei  ul  .  1983 1. 

lower  levels  relative  to  the  higher  levels  would  be 
expected,  if  the  energy  in  an  upward  propagating  wave 
were  to  remain  constant  and  proportional  to  urv  then 
as  the  density  decreases  with  increasing  altitude,  the 
wave  velocity  has  to  increase  proportionally 

[n  addition  to  differences  in  fluctuation  amplitudes, 
the  absolute  value  of  the  temperature  deduced  at 
Longyearbyen  may  not  be  representative  of  the  value 
averaged  over  the  polar  cap.  which  would  correspond 
to  the  satellite  data  for  the  stratosphere 
The  sequence  of  events  reported  here  is  in  keeping 
with  a  currently  accepted  theory  of  stratospheric 
warming  by  Matsuno  1 1 9r l  >  in  which  the  beginning 
involves  an  increase  m  the  amplitude  of  tropospheric 
planetary  waves.  This  results  in  increased  poleward 
heat  transport  at  low  levels  leading  to  a  rtsing  motion  at 
high  latitudes  and  a  sinking  motion  at  low  latitudes. 
The  Coriolis  force  on  this  rising  motion  leads  to 
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decreased  westerlies  at  high  levels  1 1  these  are  strong 
enough  to  become  easterlies,  a  critical  level  is  reached 
for  stationary  planetary  waves  The  planetary  wave 
energy  thus  cannot  penetrate  this  critical  level  resulting 
in  poleward  heat  transport  only  below  it  This  gradient 
m  heat  transport  with  altitude  leads  to  a  secondary 
circulation  which  includes  upward  motion  in  the  polar 
region  accompanied  by  expansion  cooling  above  the 
critical  level  nearly  balancing  the  poleward  heat 
transport  below  that  level.  This  sequence  of  events  has 
been  observed  previously  but  the  observations  re¬ 
ported  here  extend  to  high altitudesand  latitudes  wuha 
time  history  which  may  b*»  important  in  the  further 
development  of  the  theory  tsee  Geller.  WXDi 

It  is  clear  from  Fig.  I  that  the  extremely  cold 
mesopause  region  over  Longyearbyen  around  l 
January  1983  may  be  associated  with  a  corresponding 
warm  stratospheric  region  down  to  below  the  10  mbar 
level.  This  is  in  agreement  with  rocket  and  satellite 
observations  at  the  60- k...  .evel  during  stratospheric 
warmings  iLabitzke.  19~2.  19M».  The  result  presented 
here  shows  that  the  cooling  of  the  lower  mesosphere 
previously  associated  with  stratospheric  warmings 
extends  throughout  the  mesosphere  up  to  at  least  9< )  km 
altitude,  and  also  that  the  central  polar  cap  mesosphere 
cools  in  much  the  same  wav  as  the  lower  latitude 
mesosphere  observed  previously  during  stratospheric 
warmings. 

There  seems  to  be  a  l-2-da\  delay  between  the 
mesopause  minimum  temperature  and  the  correspond¬ 
ing  stratospheric  temperature  maximum  This  may  be 
due  to  the  time  it  takes  the  secondary  circulation  system 
to  develop  above  the  critical  level  or  the  time  required 
for  the  mesopause  to  cool  radiatively  once  the  source  of 
heat  from  the  zonal  wind  has  slowed  at  the  meso¬ 
pause  level  f2  days.  Rodgers.  19“",>.  or  it  may  be 
the  geometrical  effect  of  the  limited  coverage  of  the 
Longyearbyen  measurement  compared  to  the  satellite 
measurements  integrated  over  a  far  larger  area 

The  initial  drop  in  temperature  at  the  mesopause  is 
followed  by  a  heating  which  extends  at  least  ZCk-30  K 
higher  than  the  average.  A  corresponding  cold 
stratosphere  is  not  evident.  This  may  be  characteristic 
of  the  circulation  above  the  critical  level,  or  it  might 
imply  that  the  heating  is  a  local  effect 

Unfortunately,  our  measurements  stop  just  at  the 
beginning  of  the  large  stratospheric  warming  at  the  end 
of  January  1983.  From  the  data  seen  in  Fig.  I  one  may 
deduce  that  at  least  a  I -2-day  delay  between 
mesopause  minimum  temperature  and  stratosphere 
maximum  may  also  have  been  the  case  for  this  event. 

Future  plans  include  an  extended  observing  period 
and  the  establishment  of  an  additional  observ  ing  site  ir. 
Alaska. 
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POLAR  MESOPAUSE  GRAVITY  WAVE  ACTIVITY  IN  THE  SODIUM  AND  HYDROXYL  NIGHT  A  IRC LOW 
4.  K.  Myrabpl.  C.  S.  Deehr.  and  R.  .’lereck 
Geophysical  Ins ti Cut*.  University  of  Alaska.  Fairbanks 
< .  Henriksen 

Auroral  Observatory.  Tromsd.  Norway 


Aba trac t.  The  OH  (6*2)  band  and  the  Na  0 
lines  In  the  night  alrglow  have  been  observed 
from  Spitsbergen  (73#N  latitude)  during  a  3-day 
period  In  the  end  of  November  1983.  Regular  and 
quas 1 • regu La r  variations  in  temperature  and  the 
OH  and  sodium  intensity  we .e  observed  and  are 
here  Interpreted  in  terms  of  gravity  wave  theory. 
In  particular,  waves  with  periods  in  the  range 
90*120  min  having  overlying  ripple  structure, 
with  periods  of  5*15  min,  were  observed.  Prom 
the  phase  difference  between  the  waves  in  the  OH 
and  sodiun  layer  a  height  difference  between  the 
centroid  of  the  two  emissions  of  less  than  l  km 
could  be  deduced.  A  gravity  wave  Induced  verti¬ 
cal  eddy  diffusion  coefficient  in  the  range  R  x 
10^  to  8  x  10?  cm^/s  was  astimated  from  OH-en- 
hanced  intensities.  No  significant  net  heating 
or  cooling  was  observed  during  gravity  wave  acti¬ 
vity.  The  gravity  wave  activity  was  not  associ¬ 
ated  with  geomagnetic  activity.  Mean  OH  (6-2) 
band  and  sodium  night  alrglow  intensities  were 
1.9  kR  and  75  R,  respectively. 

Introduction 

The  mesopause  and  lower  thermosphere  region 
(l.e..  80-100  ko)  reflect  Interactions  between  the 
upper,  middle,  and  lower  atmosphere  and  thus  hold 
Important  keys  to  the  understanding  of  local  and 
globaL  dynamics  of  the  atmosphere  [Holton,  1983: 
Mohanakumar,  1986:  Nyrab*  at  al..  1985 j. 

Gravity  waves  play  an  important  role  in  the 
polar  mesopause  region  [Ebel,  1984;  Holton,  l°83: 
Llndzen,  1981;  S.  Solomon,  private  communlca tions . 
1984).  Gravity  wave  activity  In  the  polar  winter 
atmosphere  Is  reported  to  be  more  frequent  and 
violent  than  at  lower  latitudes  (Tarrago  and 
Chanln,  1982;  Juramy  et  al.,  1981;  Hirota,  1984; 
Myrabrf  et  al.,  1983 1.  Juramy  et  al.  fl98l| 
report  a  LOOT!  occurrence  frequency  of  gravltv 
waves  In  sodium  density  profiles  obtained  with 
Ildar  from  Heiss  Island  (3l*N)  compared  to  less 
than  107.  [Tarrago  and  Chanin.  1982}  occurrence  at 
Haute  Provence  (44*N).  Thus  gravity  waves  may 
take  a  more  active  part  in  the  circulation, 
dynamics,  and  energy  balance  of  the  polar  atmo¬ 
sphere  than  is  the  case  for  lower  latitudes. 

The  night  alrglow  emissions  originating  In  the 
80-100  km  region  such  as  the  OH  emissions,  the  O2 
(0-1)  atmospheric  band,  the  Na  T)  lines,  and  the 
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55’ ’4  line  are  useful  for  obtaining  information 
on  gravity  waves.  In  addition,  these  emissions 
might  give  valuable  information  on  the  distribu¬ 
tion  of  minor  constituents,  odd  oxvgen  and  trans¬ 
port  processes,  and  chemistry  of  the  mesopause 
region . 

The  main  purpose  of  this  paper  is  to  report 
and  discuss  recent  observations  during  the  polar 
night  of  gravity  wave  activity  as  manifested  bv 
regular  and  quas 1- regu Lar  variations  in  the 
neutral  temperature  and  the  OH  (6-2'  and  Na  D 
night  alrglow  Intensities. 

Observations  and  Data  Reduction 

During  a  3-day  period  with  clear  weather  from 
November  27  to  November  30,  1983,  emission  spec¬ 
tra  of  the  zenith  sky,  containing  the  OH  (6-2'  ? 
branches,  were  taken  near  Longyearbven  on  'Jest 
Spitsbergen  (78*N  latitude.  L5*E  longitude, 
geographic).  The  night  alrglow  sodium  doubLet 
was  also  recorded  for  part  of  this  time  (f.e., 
from  0200  UT  November  27  to  POO  UT  November 
28).  The  measurements  were  part  of  the  1983/1984 
Multi-National  Svalbard  Auroral  Expedition  'Deehr 
et  al. ,  1980].  Two  spectrometers,  a  1/2  M  and  a 
l  M  Ebert-Fastle,  were  used  to  obtain  the  OH  and 
sodium  emissions,  respectively.  The  spectro¬ 
meters  are  described  in  detalL  in  the  papers  by 
Slvjee  et  al.  fl9-,2l.  Romlck  [L9^6t,  and  Mvrab* 
et  al.  [  1936] . 

The  1/2  M  Instrument  recording  the  OH  (6-2)  P 
branches  was  set  up  to  scan  the  spectral  region 
from  9370  to  9570A  In  12  s  with  a  bandwidth  of 
7A.  A  sum  of  25  individual  scans  were  used  to 
obtain  a  spectrum,  corresponding  to  one  spectrum 
each  5  min.  An  exampLe  of  a  typical  5*mln  Inte¬ 
grated  spectrum  Is  given  In  Figure  l.  The  l  M 
instrument  was  set  up  Co  scan  the  spectral  region 
5805  to  5965A  in  16  s  with  a  bandwidth  correspond¬ 
ing  to  4A.  A  sum  of  10  scans  was  used  to  obtain 
an  integrated  spectrum  in  2  1/2  min.  A  typical  2 
1/2  min  spectrum  of  the  Na  D  Lines  with  the  Dj 
and  D2  lines  well  resolved  is  shown  In  rlgure  2. 

One  of  the  main  problems  with  measuring  night 
alrglow  features  In  auroral  regions  is  the  conta¬ 
mination  by  aurora.  If  the  emissions  are  not 
excited  or  otherwise  directly  influenced  by 
auroral  particle  bombardment,  overlying  auroral 
features  may  normally  be  filtered  out  or  accounted 
for  given  high  enough  spectral  resolution  [Myrabd 
et  al.,  1983].  In  the  polar  regions,  auroral 
emissions  are  malnLy  those  of  atomic  lines 
[Slvjee  and  Deehr,  1980;  Gault  et  al..  19811  due 
to  the  dominating  soft  electron  precipitation 
spectrum  normally  present  In  the  cusp  and  polar 
cap  area.  This  makes  the  night  alrglow  compo- 
nanta,  such  -La  OH  emissions  and  Na  D  lines,  easy 
to  Isolate.  The  spectral  region  shown  in  Figure 
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Fig.  1.  A  typical  night  airglow  spectrum  cover¬ 
ing  the  OH  (6-2)  P  branches.  The  spectrum  was 
obtained  during  a  5-mln  Integration  of  25  Indivi¬ 
dual  12-s  scans.  The  bandwidth  was  7A.  The  OH 
(6-2)  P  lines  and  the  auroral  (01)  B446A  line  are 
Indicated. 


I  also  Includes  the  (01)  8446*  auroral  line  as 
an  auroral  reference  emission.  The  (01)  84461 
line  Is  directly  excited  by  electron  bombardment 
[Va 1 lance- Jones ,  1973]  and  thus  very  sensitive 
to  any  auroral  particle  precipitation  In  the 
field  of  view. 

In  spite  of  early  reports  of  aurorally  en¬ 
hanced  sodium  emissions  [Derblom,  1964;  Hunten, 
1955:  Hunten,  1965],  the  sodium  doublet  is  now 
believed  to  be  purely  chemically  excited,  mainly 
through  the  following  reactions  fKlrchhoff  et 
a l .  ,  1981]- 


*  NaO  o2 

(13 

Na  (2P)  *  02 

( 2 ' 

emissions  iav  therefore  safe  I  v  be  ta».en  t  •>  repre¬ 
sent  only  the  mgrit  airglow 

Spectra  vith  no  aurora  I  background  : ontamina- 
tlon  have  been  used  for  calculating  the  ■  H  rota¬ 
tional  temperature  and  the  absoLute  intensities 
of  the  OH  6-2'  band  and  the  Sa  0  lines  "he  in¬ 
tensities  of  the  lines  have  been  calculated  from 
the  area  under  the  lines  rather  than  onlv  the 
peak,  values.  OH  rotational  temperatures  have 
been  calculated  from  the  intensity  distribution 
of  the  P ; >  2 ' ,  P ;  3  ' ,  P;1-'  and  Pi  5  i  lines  see 
Figure  L'.  assuming  a  Boltzmann  distribution  "f 
the  mu  it  Ip  let  rotational  levels.  :.e.. 

I  J".  i’  .v  '-}  '  ,  i’  ,v'  '  -  NV‘A  f  J’M  '  .vW  .  v*  ,v-  1  • 
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‘  rot 


where  1  is  the  photon  Intensity  in  photons  sec-) 
ctn-^:  7V’  (Trot)  Is  the  e  lectronlc -rota  tiona  l 
partition  function  for  the  v‘  level.  Nv'  is  the 
total  concentration  of  molecules  In  the  v'  vibra¬ 
tional  level.  Troc  is  the  derived  rotational  tem¬ 
perature,  and  Et  '  ,  v'  (J’)  is  the  upper  state 
term  value  for  the  vibrational  band  v"  -  v'  "“he 
other  variables  have  their  usual  meaning.  The 
Einstein  transition  probabilities,  A.  given  bv 
Hies  t  1974 1  have  been  used  together  with  energy 
levels,  Ei.v'(J'),  by  Kvifte  :l«5«!. 

Absolute  calibration  of  the  SDectra  was  car¬ 
ried  out  in  the  field  using  a  standard  source. 

The  total  intensities  of  the  OH  i6-23  band  were 
calculated  from  the  ?i  line  Intensities  and  the 
rotational  temperatures.  The  uncertainty  in  the 
absolute  intensities  of  the  OH  (6-21  band  and  the 
Na  D  line  Is  estimated  to  be  20*.  The  uncertain¬ 
ty  frt  che  absolute  intensities  is  nelnly  due  to 
calibration  uncertainties.  The  relative  uncer¬ 
tainty  In  the  emission  Intensities  due  to  photon 
noise  is  less  than  2T.  The  average  standard 
deviation  in  the  temperature  Is  «*K. 


which  emics  the  Na  D  lines  through  the  transition 
Ha  (*P)  *  Na  (^S)  +•  hv.  Using  a  large  data  base, 
Rees  et  al.  (  1975]  failed  to  find  any  luroraHy 
enhanced  sodium  emission.  Both  the  OH  and  sodium 


Results  and  Discussion 

Figure  3  gives  an  overview  of  Che  sodium  Oj 
line  intensity.  The  averaged  background  under 
the  sodium  doublet  and  the  solar  depression  angle 


Fig.  2.  A  typical  night  alrglow  emission  spec¬ 
trum  of  the  sodium  0(1)  and  0(2)  lines  at  5890 
and  5896A,  respectively.  The  spectrum  was  ob¬ 
tained  during  a  2  l/2-oln  integration  of  10 
Individual  16-s  scans.  The  bandwidth  was  4i. 


Fig.  3.  Intensity  (R)  of  the  sodium  Dj  line 
(middle  curve)  during  the  continuous  39-hour  ob¬ 
serving  period.  The  upper  curve  gives  the  solar 
depression  ang'.e,  while  the  lower  curve  shows  the 
average  Intensity  of  the  background  on  both  sides 
of  the  sodium  doublet  (see  Figure  2). 
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Fig.  4.  Intensities  of  OH  (6-2)  band,  Na  D2  line,  and  background  during 
November  2?,  1983  as  taken  from  Longyaarbyan  (78*N).  The  calculated  OH 
tatlonal  temperature  Is  also  given  ( upper  curve). 
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ara  also  plotted  for  the  time  period  when  both  OH 
and  sodium  emission  measurements  ware  obtained. 

4s  seen  from  the  figure,  measurements  ware  taken 
on  a  24-hour  basis  for  a  total  of  40  hours. 
However,  OH  spectra  with  daytime  Fraunhofer 
absorption  features  were  not  used  for  obtaining 
Intensities  and  temperatures.  Sodium  resonant 
scattering  is  obviously  present  after  about  0700 
UT  (corresponding  to  approximately  0845  local 
solar  time  or  solar  depression  angle  -■  15*).  The 
lack  of  data  between  1900  and  2100  UT  was  due  to 
computer  failure. 

3.1  Simultaneous  Temperature  and  Intensity  Waves 
In  the  OH  and  Sodium  Layers 

A  closer  inspection  of  Figure  3  reveals  wave¬ 
like  variations  in  the  Na  O2  line  intensity  not 
present  in  the  background.  Enhancements  are  also 
superimposed  on  the  twilight  part  of  the  sodium 
emission,  l.e.,  around  1600  UT .  November  27. 
Expanding  the  period  from  0200  to  0900  UT  on 
November  27  and  including  the  OH  temperatures  and 
intensities  for  the  same  period,  the  waves  are 
seen  to  be  present  in  the  sodium  emission,  the  OH 
emission,  and  the  neutral  temperature  of  the  re¬ 
gion  (Figure  4).  The  background  intensity  is 
Indicated  at  the  bottom  of  Figure  4.  The  wave 
pattern,  present  both  in  OH  temperature  and  Na 
and  OH  intensities,  may  well  be  explained  by 
gravity  waves  passing  through  the  emitting  region 
(Noxon,  1978;  Welnstock,  1978;  Herse  et  al. , 

1980:  Myrabd  et  al  ,  1983;  Takahashl  et  al., 

1985 1 .  Also  che  power  spectra  of  temperature 
variations  versus  frequency,  presented  in  section 
3.3,  strongly  support  this  Interpretation  (Smith 
et  al. ,  1985]  . 

According  to  linear  gravity  wave  theory, 
however  (Hines,  I960:  Holton,  1979],  density  and 
temperature  fluctuation  should  be  180*  out  of 
phase  under  conditions  when  pQ  9V0O  » 
l.e.,  when  density  fluctuations  due  to  pressure 
changes  are  small  compared  with  those  due  to 
temperature  changes,  then 

e'/fl'  -  -o'  f0Q  (4) 

where  c,  is  Che  speed  of  sound,  p'  and  8'  are  the 
deviation  from  the  mean  values,  for  the  pressure 


and  the  potential  temperature,  re  spec  t  i  v«  Iv  .  and 
0o  Is  the  unperturbed  density.  Assuming  that 
the  relative  variations  in  emission  intensities 
are  proportional  to  the  relative  variations  in 
density  -l.e..  AQ/Q  a  Ao/0,  where  0  and  o  are 
the  emission  and  density,  respectively',  then 
temperature  and  Intensity  fluctuation  should  be 
130*  out  of  phase  during  the  passage  of  gravity 
waves.  However,  the  bulk  of  simultaneous  tempera¬ 
ture  and  OH  and  sodium  Intensity  variations, 
which  are  poaslbLy  caused  by  gravity  waves,  show 
an  In-phase  relationship  between  intensity  and 
temperature  [Nyrabd  et  al.,  1^33;  Shagavev, 

197<,;  Krassovsky,  1972  ;  Takeuchi  and  Nlsawa. 

1981 ;  Takahashl  et  a  l. ,  1985]  . 

The  example  given  In  Figure  4  seems  to  repre¬ 
sent  a  very  slmpLe  case  of  gravity  wave  propaga¬ 
tion  through  che  30  to  «5-km  region  as  it  mainlv 
shows  only  a  single  mode  wave  with  an  overlvlng 
ripple  structure.  The  period  deduced  from  the 
figure  is  in  the  range  1  1/2-2  hours.  Because 
the  wave  is  continually  present  throughout  this 
part  of  the  observing  period.  It  probeblv  pene¬ 
trates  the  80  to  95-km  region  without  breaking. 

The  vertlcaL  wavelength  of  the  l  1/ 2-2  hour  wave 
might  be  estimated  to  be  in  the  range  3-15  km 
(Philbrick  et  al.,  1  ** 8 5 :  Takahashl  et  al.,  Ihg;.’. 
From  the  negligible  phase  difference  seen  be¬ 
tween  the  OH  and  sodium  emission,  a  maximum 
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Fig.  5.  Intensity  variation  of  sodium  0^  and  Oj 
lines  as  obtained  from  Longyearbyen  during  the 
morning  hours  of  November  27,  1483.  Background 
is  also  shown  for  comparison. 
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rig.  6.  Traces  of  the  Intensities  of  the  OH  (8-2)  hand  and  the  sodium  Di  line.  The  'H 
•  6-2)  rotational  temperature  Is  also  given  Cupper  curve'.  The  measurement  ~eriod  is  from 
I2n0  ‘JT  November  2’  to  1200  ',’T  November  29.  1983. 


height  difference  between  the  two  emissions  of 
■>-1  <n  may  be  deduced.  A  maximum  downward  propa¬ 
gating  group  velocity  of  10  km/h  is  assumed.  The 
maximum  probable  height  difference  Is  somewhat 
less  than  that  found  by  Takahashi  et  al.  fl985! 
for  low  latitudes,  where  the  phase  difference 
between  the  OH  and  sodium  intensity  clearly  could 
be  seen.  The  bulk  of  sodium  profile  measurements, 
both  from  low  and  high  latitudes  [Chanln.  1984; 
Juramy  et  al..  1981!  report  the  centroid  of  the 
sodium  emission  at  about  90  km  height.  Assuming 
that  this  is  the  case  for  our  sodium  measurements 
places  the  OH-emitting  layer  at  about  90  km.  con¬ 
firming  preslous  findings  of  the  OH  emissions 
peaking  at  high  altitudes  In  the  polar  winter 
mesopause  region  [Myrab*.  L984|. 

3  2  Possible  Gravity  Wave  Induced  5uoyancy 
Waves 

Figure  4  shows  an  overlying  ripple  structure 
on  the  l  1/2  to  2-hour  waves,  both  on  the  sodium 
and  OH  Intensity  and  on  the  temperature.  The 
amplitude  of  toe  ripple  structure  In  the  Intensi¬ 
ties  greatly  exceeds  the  photon  noise.  Atmospheric 
transmission  variations  can  also  be  ruled  out  as 
the  source  because  the  background  emissions  do 
not  show  structures  of  comparable  relative  ampli¬ 
tudes.  Figure  5,  comparing  the  Intensity  varia¬ 
tions  of  the  Di  and  O2  lln  ;s,  confirms  that  the 
ripple  structures  are  real,  l.e.,  originate  from 
the  emissions  at  the  mesopause.  Integration  tine 
was  only  2  1/2  minutes.  The  background  Is  also 
Included  for  comparison.  Typical  periods  are 
found  In  the  range  5-15  min,  with  amplitudes 
10-151  of  the  total  Intensity  of  the  lines. 

Similar  variations  in  the  01  55’*'’^  night  alrglow 
have  been  reported  earlier  [ Okuda ,  1942;  Silverman, 
1962!.  More  recently,  short-period  oscillations, 
l.e.,  5-10  min,  have  been  reported  to  occur 
simultaneously  In  both  OH  Intensity  and  tempera¬ 
ture  [Takeuchl  and  Mlsawa,  19811.  However,  the 
latter  obaervatlon  was  not  clearly  superimposed 
on  a  longer-period  wave,  and  thus  might  have  a 
different  origin.  Tuan  et  al.  [1979]  have  made 
an  effort  to  explain  the  ripple  oscillation 
overlying  the  longer-period  waves  observed  In  the 
01  557^1  data.  They  find  from  theoretical  consi¬ 
derations  that  the  short-period  oscillations  are 
associated  with  the  buoyancy  ( Brunt-Va Isa  la  1 
frequency  of  the  atmosphere  and  "excited"  bv  the 
long  period  waves.  The  same  theoretical  consider¬ 
ations  also  applv  to  the  sodium  and  OH  emissions. 


The  periods  of  the  waves  are  certainly  in  the 
right  frequency  iomain  for  Urun  t-V'a  i  sa  la  oscilla¬ 
tions  ;Hlnes.  I960  ! .  Fro-  Philbrlck  et  al. 

[1985  1  one  may  find  t.ia  t  waves  with  periods  In 
the  range  5-10  min  should  be  reflected  back  i.ito 
the  lower  atmosphere  from  heights  of  approximately 
60-30  km.  respectively.  Thus  at  least  the  main 
body  of  the  observed  "fine  structure"  waves  In 
figure  5  originates  at  altitudes  higher  than  30 
km,  which  stronglv  supports  that  they  are  loca¬ 
lized  to  the  mesopause  region  and  in  fact  excited 
by  the  longer-period  waves.  From  '.he  periods 
observed,  one  may  estimate  vertical  and  horizon¬ 
tal  wavelengths  In  the  range  '*-9  km  and  12-20  km, 
respectively  [Philbrlck  et  al.,  1935!. 

3.3  Evidence  for  Breaking  Gravity  Waves 

• 

Figures  6  and  '  show  traces  of  the  temperature 
and  the  OH  and  sodium  Intensities  durl  g  the 
remaining  parts  of  the  observing  period.  ”he 
missing  data  between  1.330  and  2130  ”7  November  2“ 
are,  as  previously  stated,  due  to  computer  failure, 
while  the  d* ta  gap  In  Figure  ’  between  0900  and 
U30  UT  corresponds  to  spectra  with  Fraunhofer 
absorption  bands  (l.e..  twilight). 

During  the  aftemoor.  '  November  2*  there  are 
still  quasi-regular  wave  present  In  the  OH 
Intensity  and  tempera ture .  Some  correspondence 
with  the  sodium  In  tens  1 1”  Is  also  seen.  '.hen  in 
the  evening  and  night,  large  simultaneous  waves 
appear  both  In  the  OH  and  sodium  Intensities  and 
lo  the  temperature.  Oscillations  In  the  OH 
intensity  of  up  to  1001  of  the  minimum  intensity 
accompanied  by  up  to  80  K  temperature  variation 
are  observed.  The  intensity  of  the  sodium  emis¬ 
sion  shows  similar  behavior  but  with  slightly 
less  pronounced  variations.  After  about  0500  LT 
November  28  the  wave  pattern  disappears  and  Is 
replaced  by  Irregular  variations.  After  this 
time  the  temperature  variations  become  smaller, 
but  Lhe  OH  intensity  starts  to  :how  periods  of 
large  enhancements  (up  to  1007)  lasting  from  3  to 
8  hours  !:»e  Figure  7).  if  the  gravity  waves 
which  were  present  bafo-e  tMs  point  start  to 
break  In  the  “’0-95  km  e.  on.  one  would  expect  an 
Increased  edd"  dlffusto.  -e Instock,  19"*3;  Wein- 
stock,  1985:  Fbel,  734;  Wa l te rsche 1 d ,  19311- 

The  result  of  an  increased  eddy  diffusion  In 
the  70  to  95-km  region  would  be  to  Increase  the 
O3  concentration  In  the  35  to  95-km  region 
(Moreels  et  al.,  19"’~'.  An  enhanced  OH  emJsslon 
would  result  ^assuming  O3  Is  the  limiting  factor). 
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Fig.  7.  Traces  of  the  Intensity  (upper  curve)  and  temperature  as  obtained  from  the  3H 
16*2)  band.  Measurement  period  Is  from  00  UT  November  23  to  2130  November  2Q .  Lq83. 


Further  evidence  that  the  gravity  wave  field  Is 
saturated  and  that  the  waves  realLv  break  during 
this  part  of  the  observing  period  Is  contained  In 
Che  power  spectrum  of  the  temperature  variations. 
As  Indicated  in  Figure  *3,  on  a  log/log  plot  of 
power  against  frequency  the  fa lloff  In  the  power 
follows  an  M-5/3  i*w  (»|  being  the  frequency). 

This  Is  a  strong  Indicator  of  saturated  gravity 
wave  fields  and  breaking  waves  [Smith  et  al.. 
1985;  Dewan.  1979;  Gage.  1979).  According  to 
some  theoretical  calculations  one  should  also 
expect  a  net  heating  rate  from  breaking  gravity 
waves  of  the  order  of  5-20  K/hr  at  the  mesopause 
region  [Ebel,  1^84 [.  However,  depending  upon 
approach  and  choice  of  dissipation  parameter 
[Ebel,  1984],  one  might  also  arrive  at  a  net 
cooling  fWalterscheid,  19811 .  The  rate  of 
hea ting/cool Ing  Is  therefore  questionable;  proba¬ 
bly  bach  si cu*  cions  can  occur.  In  vl**»  of  the 
above  Indication  we  find  It  reasonable  to  Inter¬ 
pret  the  variation  In  Intensity  and  temperature 
seen  In  Figure  7  as  effects  of  breaking  gravity 
waves.  This  places  the  region  of  breaking  gravi¬ 
ty  waves  in  the  winter  polar  middle  atmosphere 
slightly  higher  (i-e.,  -  10  km)  than  for  the 
60-658N  latitudes  [Garcia  and  Solomon,  19851. 

The  Increase  In  intensity  of  the  OH  emission 
might  then  be  used  Co  estimate  the  upper  limit  of 
enhancement  of  the  eddy  diffusion  coefficient  In 
connection  with  the  gravity  waves  [Veins  took, 

1973  [ .  The  simplified  formula 
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Fig.  8.  Average  power  frequency  spectrum  of  the 
temperature  /ariation  at  the  nesopau  :«  level  as 
obtained  from  the  OH  (6-2)  rotational  lines 
during  the  period  1500  UT  November  .7,  to  2130  UT 
November  29,  1983.  A  k"^^  (k  ■  frequency)  line 
is  indicated. 
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will  give  a  first  approximation.  Az  Is  the  aver¬ 
age  distance  the  O3  or  H  molecules  and  atoms  need 
to  move  In  the  time  Interval  it.  Assuming  03  Is 
the  limiting  factor  [Moreels  et  al..  14771  and 
using  average  number  densities  of  33  versus 
height  from  Moreels  et  al.  [  1977  |,  iz  Is  appro¬ 
ximately  10-15  km  for  a  70-l00t  Increase  In  the  O3 
density.  The  70-100'  enhancement  In  OH  intensi¬ 
ties  takes  place  typically  over  3-6  hours.  Apply¬ 
ing  these  numbers  to  (10)  Implies  a  gravity  wave 
Induced  vertical  eddv  diffusion  coefficient,!^ 

In  the  range  between  9  x  1C6  and  8  x  10  cm‘/s. 
This  is  a  rather  large  eddy  diffusion  coefficient 
as  compared  to  average  values  [Von  2ahn  and 
Hervlg,  14771.  mainly  quoted  around  10^  cr's-  It 
should  be  noted  that  part  of  the  Intensity  varia¬ 
tions  could  be  produced  by  horizyatal  transport 
In  connection  with  spatial  variation  In  the 
breaking  or  other  atmospheric  Irregularities. 

Thus  our  estimate  only  gives  a  possible  upper 
limit  of  the  eddy  diffusion  coefficient.  How¬ 
ever,  It  Is  reasonable  to  believe  that  eddy 
diffusion  Is  highly  variable  [Welnstock,  19851 
and  that  periods  with  gravity  wave  activity 
represent  pertlcularly  high  levels  of  1.1  the 

breaking  region. 

3,&  OH  (6-2)  Band  and  Sodium  Night  Atrglow 
Absolute  Intensities 

The  average  Intensity  of  the  OH  (6-2)  band  for 
the  3-day  observing  period  was  found  to  be  L  . 15 
kR.  This  value  Is  higher  by  about  30-70T  than 
values  normally  reported  for  low-  and  mid-latitude 
stations  [Takahashl  and  Batista,  1981;  Llewellyn, 
14  7S ;  Takeuchl  and  Mlsawa.  PRl).  A  substantial 
part  of  this  enhancement  seems  Co  be  related  to 
the  enhanced  eddy  diffusion  In  connection  with 
breaking  gravity  waves.  Previous  results  on  OH 
(3-3>  band  intensity  from  Longyearbven  have  also 
shown  average  Intensities  and  Intensity  variations 
which  are  considerably  higher  than  at  mid-  and 
low-latitude  stations  [Myrab<  and  Deehr,  19841. 
Absolute  Intensities  of  Che  OH  emission  found 
here  seem,  therefore,  to  be  In  good  agreement 
with  previous  findings  and  confirm  earlier  obser¬ 
vations  of  a  rather  intense  OH  night  air  glow  in 
the  polar  cap  during  winter  solstice  conditions. 

The  awrage  sodium  doublet  Intensity  in  the 
night  alrglow  derived  from  the  measurements  was 
found  to  be  '5  R.  Similar  intensities  have  been 
reported  from  high- la  1 1  tude  stations  [Rees  et 
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al.,  19*5;  Henriksen  et  al..  1980]  and  seen  also 
to  be  typical  for  lower- lati tude  (Klrchhoff  et 
al.,  I98lb|  winter  conditions.  Because  both  the 
sodium  number  density  and  sodium  night  airglow 
emission  normally  show  larger  relative  variations 
than  is  the  case  for  OH  emissions,  it  is  diffi¬ 
cult  to  say  whether  the  ’5  R  sodium  emission 
represents  an  enhanced  level  or  not.  Unfortunate¬ 
ly,  the  sodium  emission  was  not  measured  during 
the  entire  observing  period  reported  here. 

Whether  the  sodium  emission  is  enhanced  by  in¬ 
creased  eddy  diffusion  or  not  therefore  remains 
to  be  proven  by  future  measurements. 

3.5  PosalbLe  Sources  of  Gravity  Waves  in  the 
Polar  Winter  Mesosphere  and  Lower  Thermosphere 

Gravity  waves  are  excited  in  the  atmosphere  by 
a  variety  of  mechanisms.  Penetrative  convection, 
fl.e-,  when  a  rising  current  suddenly  loses  its 
buoyancy  as  it  enters  a  stable  region  (Townsend, 
1968]),  frontal  acceleration,  and  orographic 
forcing  are  often  quoted  as  responsible  mechanisms. 
The  most  Important  single  source  might,  however, 
be  wind  shears  In  the  lower  and  middle  atmosphere 
(Ebel.  1984;  Elnaudi,  1979).  In  polar  regions, 
speculations  of  auroral  sources  launching  waves 
and  causing  temperature  and  intensity  changes  of 
the  airglow  In  the  85  to  95-km  region  have  also 
been  put  forward  (Ebel,  1984;  Baker  et  al.,  1985; 
Takahashl  et  aL. ,  1985).  The  idea  that  OH  emis¬ 
sion  Intensity  and  temperatures  of  the  85  to 
90-km  region  should  be  affected  by  geomagnetic 
disturbances  was  first  put  forward  by  Krassovsky 
l 1956 1 .  Calculations  on  Joule  heating  and  lon- 
drag  perturbation  upon  the  90-fcm  region  density 
and  temperature  during  geomagnetic  substorms 
have,  however,  given  negative  result*  (Brekke, 

1977;  Maeda  and  Atkin,  1968]-  From  earlier 
observations  at  longyearbyen ,  Myrabd  and  Deehr 
(1984 1  showed  chat  negative,  positive,  and  no 
correlations  could  be  extracted  between  OH  Inten¬ 
sity,  temperature,  and  geomagnetic  Indices  using 
truncated  data  sets  (l.e.,  case  studies).  A 
clear  and  simple  correlation  between  metopeuse 
region  tempera  ture/ tempera  ture  variations,  night- 
glow  Intensl ty/ Intensl ty  variations,  and  geomag¬ 
netic  activity  seems  therefore  doubtful.  In  view 
of  the  different  sources  of  perturbs tions  (gravi¬ 
ty  waves  from  middle  and  lower  atmosphere  and 
possibly  from  auroral  origin,  horizontal  and 
vertical  transport,  chemical  reactions)  that 
could  act  simultaneously,  a  clear  correlation 
with  only  one  of  the  possible  sources  over  a 
longer  time  Interval  should  perhaps  not  be  ex¬ 
pected.  The  period  of  observations  covered  by 
the  measurements  reported  here  are  not  a  parti¬ 
cularly  disturbed  geomagnetic  period  but  rather 
quiet.  Especially  the  hours  before  and  during 
the  morning  of  November  27  show  no  significant 
auroral  perturbation  capable  of  penetrating 
energy  down  Into  the  100-km  region.  We  therefore 
conclude  that  the  gravity  wave  activity  reported 
In  this  peper  has  Its  origin  In  the  lower  or 
middle  atmosphere  and  not  in  the  thermosphere  in 
connection  with  geomagnetic  disturbances. 

Summary 

The  OH  (6-2)  band  and  the  Sa  D  lines  In  the 
night  airglow  have  been  observed  from  Longyear- 
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byen.  West  Spitsbergen  (*6*N  latitude,  L5*E 
longitude,  geographic)  from  0200  U T  Movember  2 * 
to  l’OO  UT  November  29,  19§3.  Spectra  covering 
the  lines  of  the  OH  band  and  the  0^  and  0; 
lines  of  Na  were  obtained  with  a  1/2  M  and  a  l  1 
Ebert  spectrophotometer,  respectively.  Spectral 
resolution  was  7A  and  4&  for  the  OH  and  Na  D, 
resolving  the  and  P2  lines  and  the  and  0* 
lines.  In  the  first  part  of  the  observing  period, 
regular  waves  were  recorded  with  periods  in  the 
range  1  1/2-2  hours  and  with  overlying  ripple 
structures,  periods  5-15  min.  The  waves  were 
present  in  both  the  OH  and  sodium  intensity  and 
in  the  temperature,  strongly  indicating  passing 
of  gravity  waves  through  the  emission  layers. 

The  ripple  structures  coincided  in  both  the  0^ 
and  O2  Hn*s  and  appeared  in  the  OH  intensity  and 
temperature.  There  Is  strong  indication  chat  Che 
observed  buoyant  frequency  waves  (5-15  min)  are 
excited  by  the  larger  waves. 

From  the  downward  propagating  phase  difference 
between  the  intensity  of  waves  in  the  OH  and 
sodium  layer,  a  maximum  height  difference  between 
the  centroid  of  the  two  emission  regions  is  found 
to  be  less  than  l  km.  Assuming  an  average  height 
of  the  Na  layer  of  90  km  then  places  the  OH  Laver 
at  approximately  the  same  height,  confirming 
previous  findings  of  the  OH  emission  peaking  at 
about  90  km  in  the  polar  winter  atmosphere  (Nvrabd 
et  al.  ,  1983] . 

From  the  enhancement  of  the  OH  emission,  using 
O3  and  H  profiles  from  Noreels  et  al.  (19771.  a 
gravity  wave  Induced  eddy  diffusion  coefficient 
in  the  range  8  x  106  to  8  x  107  cm2/s  was  found. 
Nean  night  airglow  Intensities  of  the  OH  (6-2) 
band  and  Ss  D  lines  over  the  observing  period 
were  1.9  kR  and  75  R,  respectively. 

The  gravity  wave  activity  observed  during  this 
period  could  not  be  found  to  be  associated  with 
geomagnetic  activity.  Since  Krassovsky  ( 19  56? 
Indicated  that  upper  mesospheric  (l.e.,  50-95  km) 
temperatures  and  night  airglow  Intensities  should 
be  modulated  by  gravity  weves  launched  from 
geomagnetic  disturbances  in  auroral  regions, 
theoretical  and  experimental  evidence  has  appeared, 
both  In  support  of  the  hypothesis  and  against  It. 
Nos t  calculations  show  negligible  and  unobservable 
effects  [Brekke,  1977]  except  In  very  extreme 
cases.  Recently  Beker  et  al.  [1985]  reported  a 
positive  correlation  between  AKp  and  &  (OH)  tem¬ 
peratures  but  simultaneously  also  a  highly  posi¬ 
tive  correlation  between  A  (OH)  temperatures  and 
the  variation  In  30-mbar  temperatures.  The 
latter  results  Indicate  a  connection  between  iKp 
end  the  30-mbar  temperature  which  is  even  more 
difficult  to  explain. 

Acknow ledgmenta .  Financial  support  for  this 
research  was  provided  by  National  Science  Founda¬ 
tion  through  ATN-831J72"  to  the  Geophysical 
Institute  of  the  University  of  Alaska  and  by  the 
Royal  Norwegian  Council  for  Scientific  and  Indus¬ 
trial  Research  through  a  fellowship  grant  to  one 
of  us  (HKh).  The  observations  on  Svalbard  are 
made  through  a  cooperative  effort  Involving 
the  universities  In  Fairbanks,  Tromsd  and  Oslo, 
with  the  help  and  cooperation  of  the  Greet  Norwe¬ 
gian  Spitsbergen  Coal  Company  and  the  Norwegian 
Polar  Institute.  The  authors  also  want  to  thank 
Dan  Osborne  and  Bob  Erlckaon  for  technical  assis¬ 
tance  and  programming  assistance. 


54 


Mvrabd  «c  el.:  Polar  Cap  Gravltv  Waves  in  Na  and  OH  Alrglo 


The  Editor  thanks  V.  U.  J.  H.  Klrchhoff  and 

G.  C.  Reid  for  their  assistance  In  evaluating  this 

paper. 

References 

Baker,  D.  F.,  A.  F.  Stead,  G.  A.  Ware,  D.  Offer- 
nann,  G.  Lange  and  H.  Lauche,  Ground-based 
stDOspherlc  Infrared  and  visible  emission 
measurements,  J.  Atmos.  Terr.  Phys.,  47,  133, 
L985. 

Brekke,  A.,  Auroral  effects  on  neutral  dynamics, 
from  Dynamical  and  chemical  coupling  between 
the  neutrsl  and  ionized  atmosphere,  ad..  B. 
Grandal  and  J.  A.  Holtet,  D.  Reidel,  Holland, 
p.  313,  1977. 

Chanln,  N.  L. ,  Review  of  Ildar  contributions  to 
the  description  and  understanding  of  middle 
atmosphere,  J.  Atmos.  Terr.  Phys.,  46,  987, 
1984.  ' 

Deehr,  C.  S.,  G.  C.  Slvjee,  A.  Egelend,  K.  Henrik- 
sen,  P.  E -  Saadholt,  R.  Smith,  P.  Sweeney, 

C.  Duncan  and  P.  Gilmer,  Ground-based  observa¬ 
tions  of  P-reglon  associated  with  the  magneto- 
spherlc  cusp,  J.  Geophys.  Rsa ■ .  85,  2185, 

1980.  '  ~  ■“ 

Derblom,  H . ,  Observations  of  sodium  emissions  In 
aurora,  J.  Atmos.  Terr.  Phys..  2£,  791,  1964. 

Devan,  E.  M .  ,  S tra toapharic  wave  spectra  resemb¬ 
ling  turbuLence,  Science,  204,  832,  1979. 

Ebel,  A.,  Contributions  of  gravity  waves  to  the 
momentum,  heat  end  turbulent  «oergy  budget 
of  the  upper  mesosphere  end  Lower  thermosphere. 
J.  Ataoe.  Terr.  Phys.,  46,  727,  L984. 

Elnaudi,  D.  P.  Lalas  and  G.  E.  p«rona.  The 
role  of  gravity  waves  In  tropospheric  pro¬ 
cesses,  Pure  Appl.  Geophys.,  117,  627,  1979. 

Gage,  K.  S.,  Evidence  for  a  K  *  5 ^  law  internal 
range  In  meaoacala  two-dimensional  turbulence. 
J.  Atmos.  Set.,  36,  1950,  1979. 

Garcle,  R.  R.  and  S.  Solomon,  The  effect  of  break¬ 
ing  gravity  waves  on  the  dynantcj  end  chemical 
composition  of  the  mesosphere  and  lower  thermo¬ 
sphere,  J.  Geophys.  Rn.,  90,  3850,  1985. 

Gault,  il.  A.,  R.  A.  Koehler,  ET  Link,  and  C.  G. 
Shepherd,  Observations  of  the  optical  spectrum 
of  the  dayslde  me gne toapharic  deft  aurora, 
Planet.  Space  Scl.,  29,  321,  1981. 

Henrlksen,  K.,  G.  G.  Slvjee,  and  C.  S.  Deehr, 
Winter  enhancement  of  atomic  lithium  and 
sodium  In  the  polar  upper  atmosphere,  J. 
Geophys.  Res..  85,  5153,  1980. 

Harae,  H.,  G.  MoreeTs,  and  J.  Clatremldl,  Waves 
In  the  OH  emission  layer:  Photo gramme  try  and 
topography,  Appl.  Opt. ,  19 ,  355,  1980. 

Hinas.  C.  0.,  Internal  atmospheric  gravity  waves 
at  Ionospheric  heights.  Can.  J.  Phys.,  38 , 
1441,  I960. 

Hirota,  I.,  Ctimatology  of  gravity  waves  in  the 
middle  atmosphere,  J.  Atmos.  Terr.  Phva., 

46,  767,  1984. 

Holton,  J.  R.,  An  Introduction  to  Dynamical 
Meteorology,  Academic,  OrLendo,  Fla.,  1979. 

Holton,  F.  R. ,  The  Influence  of  gravity  wave 
breaking  on  the  general  circulation  of  the 
middle  atmosphere,  J .  Atmos .  Scl .  ,  40,  2497, 
1983.  ~ 

Huntan,  D.  M.,  Some  photometric  observations  of 
auroral  spectra,  J.  Acaoe.  Terr.  Phys.  ,  7_, 

141,  1955. 

Huntan,  D.  H.,  Excitation  of  sodium  emission  in 


aurora,  J.  Atmos.  Terr.  Phys..  2"  .  593,  Lq*>5. 

Juraray,  P.  ,  *f.  L.  Chanin,  G.  Megie.  G .  F. 

Toullnov,  and  Y.  P.  Doudoladov.  Lidar  sounding 
of  mesospheric  sodium  layer  at  high  latitude, 

J .  A tmo s .  Terr.  Phy s . ,  43 .  209,  1981. 

klrchhoff,  V.  U.  J.  H.,  B.  R.  Clenesha,  and  D.  M 
Simonlch,  The  atmospheric  neutral  sodium 
layer,  l,  Recent  modelling  compared  to  measure¬ 
ments,  J  .  Geophys  .  Res  ■  .  86  ,  6892,  L9Rla. 

klrchhoff,  V.  W.  J.  H.,  8.  R.  Clemesha.  and 

D.  M.  Simonlch,  Average  nocturnal  and  sea¬ 
sonal  variations  of  sodium  nightglow  at  23*S. 
46*W,  Planet.  Space  Scl..  29,  ’’65,  ,981b. 

krasaovskv,  V.  I.,  Infrared  night  airglow  as  a 
manifestation  of  the  process  of  oxygen  recom¬ 
bination,  In  Airglow  and  Aurora,  edited  by 

E.  B.  Armstrong  and  A.  Dalgamo,  p.  lq3,  Per- 
gammon,  Hew  York,  1956. 

Krassovsky,  V.  1.,  Infrssonlc  variations  of  OH 
emission  in  the  upper  atmosphere,  Ann ■ 

Geophys. ,  ^8,  739,  1972. 

Kvifce,  C.,  Nightglow  observations  at  In  during 
the  I.  G.  Y..  Geophys.  Puhj..  20,  1,  1959. 

Lindzen,  R.  S. ,  TurbuLence  and  stress  owing  to 
gravity  wave  and  tidal  breakdown,  J.  Geophys. 
Res.  .  86.  9707 ,  l»81. 

Llewellyn,  E.  E.,  B.  H.  Long,  and  3  H.  Solheim, 
The  quenching  of  OH*  In  the  atmosphere.  Planet. 
Space  Scl. .  26,  522,  1978.  ~ 

Maeda,  K.,  and  A.C.  Alkln,  Variations  of  polar 
mesospheric  ozone  during  events,  Planet.  Space 
Scl.  ,  U.  371  ,  1968. 

Mies,  F.  H.,  Calculated  vibrational  transition 
probabilities  of  0H(X2*),  J.  Mol.  Spectrosc., 
^3.  150,  1974. 

Mohanakumar,  K.,  An  Investigation  on  the  Influence 
of  solar  cycle  on  mesospheric  temperature , 
Planet.  Space.  Scl.  ,  33,  795,  1995. 

Moreels.  G.  ,  G.  Megie,  A.  Va l lance-Jones ,  and 

R.  L.  Gattinger,  An  oxygen-hydrogen  atmospheric 
model  and  It*  application  to  the  OH  emission 
problem,  J.  Atmos.  Terr.  Phys.,  39 .  551,  lq7?. 

Myribrf,  H.  K.,  Temperature  variation  at  mesopause 
levels  during  winter  solstice  at  *9*N, 

Planet.  Space  Scl . ,  32 ,  249,  1984. 

Myrabd,  H.  K . ,  and  C.  S.  Deehr,  Mid-winter  hvdro*- 
yl  night  airglow  emission  Intensities  In  the 
northern  polar  region.  Planet.  Space  Scl .  .  32, 
263.  1984.  ~ 

Myrabd,  H.  K . ,  C.  S.  Deehr,  and  G-  G.  Slvjee, 

Large -amplitude  nightglow  OH  (8-3)  band  Inten¬ 
sity  and  rotational  temperature  variations 
during  a  24-hour  period  at  ?8*N,  J.  Geophys. 

Res.  .  88.  9255  ,  L983. 

Myrab?,  H.  K..  C.  S.  Deehr.  G.  J.  Romlck,  and 

K.  Heneriksen,  Mld-wtnter  Intensities  of  the 
night  airglow  0j  (0-P  atmospheric  band 
emission  at  high  latitudes,  J .  Geophys .  Res .  , 
9J_,  1684,  1986. 

Noxon,  J.  F. ,  Effects  of  internal  gravity  waves 
upon  night  airglow  temperatures,  Geophys.  Res. 
Lett.  .5^,  25,  1978. 

Okuda,  M . ,  A  study  of  excitation  processes  In 
night  airglow,  Scl.  Rep.  Tohoken  Unlv.  ,  \A^, 

9,  1962. 

Phi Ibrlck,  C.  ft..  F.  J.  Schmldlln,  K.  V.  Gross- 
mann .  G.  Langa,  D.  Offermann,  k.  D.  Baker, 

D.  Krankowsky,  and  V.  von  Zahn,  Density  and 
tamparature  structure  over  northern  Europe, 

J.  Atmos.  Terr.  Phys-.  4? ,  159,  1985. 

Rees,  H.  H. ,  G.  J.  Romick,  and  A.  E.  Belon,  The 


55 


25  3* 


Myrabp  et  a L . :  Polar  Cap  Gravity  Waves  in  Na  and  OH  Airglow 


intensity  of  the  sodium  0  lines  in  the 
auroral  rone.  Ann.  Geophya. .  3 1 ,  3ll,  1 9 ? 5 . 

Romick,  G.  J.,  The  detection  and  study  of  visible 
spectrum  of  the  aurora  and  airglow,  Proc . 

Soc.  Photo.  Opt.  lascrum.  Eng.,  9 l .  63. 

1976. 

Shagayev,  M.  V.,  Fast  variations  of  hydroxyl 
night  airglow  emissions,  J.  Atmos.  Terr. 

Phys. .  36.  367,  1974. 

Shelton.  F.  0. .  C.  S.  Gardner,  and  C.  F.  Sechrist. 
Jr.,  Density  response  of  the  mesospheric 
sodium  layer  to  gravity  wave  perturbations. 
Geophya.  Its.  Lett..  2*  1069,  1980. 

Silverman,  S.  1.,  Unusual  fluctuations  of  SS^S  01 
a -rgtow  emission  Intensity  an  October  28-29, 
1961,  nature.  195.  481,  1962. 

Slvjea,  C.  G. ,  end  C.  S.  Deehr,  Differences  In 
polar  atmospheric  optical  emissions  between 
mid-day  cusp  snd  nlght-tlma  auroras.  In 
Exploration  of  the  Polar  Upper  Atmosphere, 
edited  by  C.  S.  Deehr  and  J.  A.  Holtat,  p. 

199.  D.  Reidel,  Hlngham,  Mass,  1980. 

Sivjaa,  G.  C. .  K.  A.  Dick,  and  P.  D.  Feldman, 
Temporal  variations  in  tha  nighttime  hydroxyl 
rotational  tamparatura,  Planat.  Space  Set.. 

20.  261,  1972. 

Smith,  S.  A.,  D.  C.  frltta,  end  T.  C.  Van  Zandt. 
Comparison  of  masospharlc  wind  spectre  with  a 
gravity  wava  modal.  Radio  Scl ■ .  20(6),  1331- 
1338  ,  1985. 

Takahashl,  H.  and  P-  P.  Batista,  Simultaneous 

measurements  of  OH  (9-4),  (8-3),  (7-z),  (6-2), 
and  (3-1)  bands  In  the  airglow,  J.  Geophys. 

Res.  ,  86,  5632,  1981. 

Tsxahashl,  H. ,  P.  P-  Betista.  Y.  Sahai,  and 

B.  R.  Clamasha,  Atmospheric  wave  propagations 
in  Che  mesopause  region  observed  by  the  OH 
(8-3)  band,  Sa  0,  02  *  (3645*!  -and  and  01 
5577A  nlghtglow  emissions.  Planet.  Space 
Scl. .  33.  3*1.  1985. 

Takauchl,  1.,  and  K.  Misawa,  Short-period  oscilla¬ 
tions  of  Intensity  snd  rotational  tamparatura 


of  the  OH  :6-2'  band,  Ann.  Geophys.,  315, 

1981.  ~~ 

Tarrago,  A.,  end  M .  L.  Chanln,  Interpretation  in 
terms  of  gravity  waves  of  structures  observed 
at  the  mesopause  level  by  pho togramme try  and 
Ildar.  Planet.  Space.  Scl..  30.  611.  1982. 

Townsend,  A.  A.,  Excitation  of  internal  waves  in 
a  s tably-s tra tif led  atmosphere  with  consider¬ 
able  wind  shear.  J.  Fluid  Mech..  32.  U5. 

1968. 

Tuan,  T.  F.,  R.  Hedlnger,  S.  M.  Silverman,  and 

M.  Okuda ,  On  gravity  wave  Induced  Brunt-Valsa  la 
oscillations,  J  ■  Gaophys  ■  Res  .  .  8*  ■  3°  3  ,  1979. 

Va l lance- Jones ,  A..  Aurora.  Hlngham.  Mas*., 

D.  Raida  1.  1973. 

Von  Zahn.  V  ,  and  T.  Hervlg,  Inert  ges  abundance 
as  Indicators  for  tha  strength  of  eddy  diffus¬ 
ion  at  turbopause  aLtltudes,  in  Dynamical  and 
Chemical  Coupling  Between  tha  Neutral  and 
Ionized  Atmosphere,  edited  by,  B.  Crandel  and 
J.  A.  Holtet,  p.  49,  D.  Reidel,  Hlngham, 

Mass.,  1977. 

Ualtarschald,  R.  L. ,  Dynamical  cooling  induced  by 
dlsslpaelng  internal  gravity  waves.  Geophys . 
Res.  Lett..  8.  1235,  1981.  ^ 

Uelnstock,  J.,  Theory  of  the  interaction  of 

gravity  waves  with  0,  (‘l)  airglow,  J.  Gaophvs. 
Rea.  .  82.  5175,  1978. 

Welnstock,  J.,  Cravlty  wave  saturation  and  eddy 
diffusion  in  the  middle  atmosphere,  J.  Atmos. 
Terr.  Phys..  46.  1069,  L9«5. 


C.  S.  Deehr,  H.  1C .  Myrab*.  and  R.  vtereck, 
Geophysical  Institute,  University  of  Alaska, 
Fairbanks,  AK  99775-0800. 

K.  Henriksen.  Auroral  Observatory.  Trornsd, 
Norway. 

(Received  November  21.  1985: 

revised  October  3,  1986: 
accepted  October  21,  1986.1 


v,i"' 


k..r-  ,  / 

m 

57 


Planet  Space  it i  Nol  M  No  II.  pp  1023- 1024.  I486 
Primed  m  Great  Britain 


0032  <J633  86  S3  QO  - 0 00 
Pergamon  Journals  Lid 


WINTER-SEASON  MESOPAUSE  AND  LOWER  THERMOSPHERE 
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Abstract  —Mesopause  lower  thermosphere  nocturnal  temperatures  have  been  deduced  from 
spcctro  photo  met  nc  observations  of  the  night  airglow  OH  emissions  at  Longyearbyen.  Svalbard  i78  Ni. 
during  four  winter  seasons  1 1980-1985).  A  monthly  average  temperature  maximum  of  223  K  is  found  to 
occur  in  January  with  monthly  averages  of  206.  212.212  and  198  K.  respectively  for  November.  December. 
February  and  March.  A  relatively  low  temperature  in  late  December  followed  by  a  very  warm  mesopause  in 
early  January  seems  to  be  consistent  for  all  four  seasons  and  n.ight  be  associated  with  changes  in 
transmission  of  gravity  waves  to  the  upper  mesosphere  in  connection  with  stratospheric  and  lower 
mesospheric  circulation  changes. 


1.  INTRODUCTION 

Teri.perature  and  temperature  variations  are  basic 
parameters  in  the  understanding  of  atmospheric 
dynamics,  chemistry,  circulation  and  energy  (lux.  and 
in  the  overall  interaction  between  the  upper-middle 
and  lower  atmosphere.  The  70-100  km  region  of  the 
atmosphere  has  been  found  to  hold  important  keys  to 
the  understanding  of  local  and  global  dynamic s  of  the 
middle  atmosphere  (Holton.  1983;  Fntts  et  a/..  1984; 
Myrabo  et  al.%  1985).  In  spite  of  this,  measurements  of 
the  temperature  in  this  part  of  the  middle  atmosphere 
have  been  sparse.  This  is  mainly  due  to  the  relative 
inaccessibility  of  this  region  of  the  atmosphere  to 
different  temperature  measuring  methods  iMyrabo. 
1984;  Barnett.  19801. 

In  the  polar  cap.  measurements  of  the  mesopause 
and  lower  thermospheric  temperatures  and  their 
variations  are  even  more  sparse.  Besides  rocketsonde 
measurements  from  Heiss  Island  (8  I  N),  mainly 
giving  a  few  snapshots  in  time  and  space,  the  only 
measurements  on  a  regular  basis  covering  a  longer 
time  period  are  those  reported  by  Myrabo  ( 1984).  Due 
to  considerable  short  time-scale  variations  caused  by 
gravity  waves,  local  transport  phenomena,  and 
stratospheric  and  lower  mesospheric  circulation 
changes  (i.e.  stratwarms)  (Myrabo  et  al..  1983; 
Myrabo  et  al.,  1984).  temperatures  must  be  measured 
frequently  (covering  at  least  5-8  h)  to  give  reliable 
daily  means.  Thus,  ground-based  methods  are  the 
only  means  of  obtaining  this  temporal  coverage,  and 
resolving  dynamical  phenomena. 

In  the  polar  regions,  the  present  ground-based 
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method  of  obtaining  temperatures  of  the  80-100  km 
altitude  is  to  extract  temperatures  from  the  measured 
rotational  intensity  distribution  of  the  different  night 
airglow  emissions,  such  as  the  OH  bands  and  the  02 
(0-1)  Atmospheric  bands  (Myrabo.  1984).  Tempera¬ 
tures  obtained  from  these  emissions  yield  neutral  air 
temperatures  at  the  emitting  height  because  the 
emitting  molecules  are  in  thermodynamic  equilibrium 
with  the  surrounding  atmosphere  (Krassovsky  et  al.. 
1977).  There  is  no  OH  emission  height  profile 
published  for  latitudes  75-80  N  that  could  be  truly 
representative  of  the  measurements  in  this  paper.  The 
northernmost  obtained  profile  \  o  =  68  N;  by  Witt  et 
al..  1979),  however,  shows  an  extremely  large  half 
width  1 15  km),  believed  not  to  be  typical  for  the  OH 
layer  in  polar  regions  (My rabo  et  al..  1986).  Therefore, 
to  illustrate  the  position  and  shape  of  the  OH  layer  in 
the  atmosphere,  the  emission  height  profile  by  Rogers 
et  al.  (  1973 )  has  been  plotted  in  Fig.  I  together  with  the 
CIRA  1972.  70  N.  December,  model  atmospheric 
temperature  profile.  A  half  width  in  the  range  5-10  km 
is  typical  for  the  emission,  and  the  peak  height 
normally  ranges  from  82  to  90  km.  probably  closer  io 
90  km  for  winter  solstice  polar  conditions  iMyrabe  et 
al.,  1983;  Myrabo.  1984).  Also  included  in  Fig.  1  is  the 
weighting  function  with  height  of  the  .VO.4.4  7.  Ch.  27 
spacecraft  radiometer  and  the  CIRA  1972,  70  N. 
December,  model  atmospheric  temperature  profile 
The  Ch.  27  radiometer  reading  is  proportional  to 
temperature  and  was  used  to  monitor  the  lower 
mesospheric  temperatures  and  circulation  changes 
over  the  northern  polar  cap  (Labitzke  et  al..  1985).  It 
has  been  shown  to  anticorrelate  with  larger 
temperature  changes  in  the  80-100  km  region  (Mvrabo 
et  al..  1984). 
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Fig.  I.  Example  of  a  typical  OH  emission  height  profile 

AS  OBTAINED  FROM  ROCKET  MEASUREMENTS  (ROGERS  et  at.. 

1973). 

The  weighting  function  with  height  of  the  SOAA  7.  Ch.  27 
spacecraft  radiometer  together  with  the  CIRA  1972.  ’O  N. 
December,  model  atmospheric  temperature  idashed  linei 
profile  are  also  indicated 


In  adidtion  lo  the  measurements  reported  by 
Myrabo  (1984)  from  Longyearbyen  (78  N),  using 
night  airglow  OH  emissions,  earlier  sporadic 
measurements  have  been  reported  by  Chamberlain 
and  Oliver  (1953).  Noxon  (1964)  and  Sivjee  et  at. 
(1972)  at  latitudes  70-85  N  and  covering  a 


temperature  range  of  160  to  approximately  300  K  The 
measurements  by  Myrabo  1 1984)  yielded  a  mean 
winter  solstice  (i.e.  December  and  January) 
temperature  of  220  K  for  the  1982  83  season  The 
purpose  of  this  paper  is  to  extend  and  generalize  these 
results  by  including  mesopause  temperatures  obtained 
from  OH  observations  during  the  1983  84  and 
1984  85  winter  season  at  Longyearbyen.  78  N. 


2.  OBSERVATIONS  AND  DATA  REDUCTION 

As  part  of  the  1983  84  and  1984  85  Multi-National 
Svalbard  Auroral  Expedition  (Deehr  et  at  .  1980). 
spectra  of  the  zenith  sky  were  taken  close  to 
Longyearbyen  on  West  Spitsbergen  (78  N.Lat  15  E. 
Long.,  geographic).  Both  winters,  measurements 
covered  a  3—4  month  period  around  solstice.  Emission 
spectra  were  obtained  using  a  1  2  M  Ebert  Fastie 
spectrophotometer  coupled  to  a  minicomputer  and 
recording  in  the  photon  counting  mode.  The 
instrument  is  further  described  by  Sivjee  et  al.  t 19^2) 
and  Myrabo  et  al.  ( 1985)  The  spectral  region  from 
8240  to  8740  A  was  scanned  in  12  s  using  the 
spectrometer  in  the  first  order  with  a  0  5  mm  slit 
corresponding  to  a  spectral  resolution  of  7  A.  Each 
scan  was  recorded  on  magnetic  tape  Individual 
rotational  temperatures  were  calculated  from  1  and  2- 
h  integrated  scans  (300  and  600  scans,  respectively) 
using  the  OH  (6-2)  band  An  example  of  a  typical  1-h 
integrated  spectrum  used  to  obtain  the  temperature  is 
given  in  Fig  2.  The  Pt  and  P:  lines  of  the  OH  (6-2) 
band  are  indicated  together  with  the  R  and  Q 
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Fig.  2.  A  typical  1-h  integrated  spectrum  lsed  to  obtain  the  temperature 
In  addition  to  the  different  lines  and  branches  of  the  OH  «6— 2 )  band,  the  auroral  emission  from  atomic 
oxygen  at  8446  K  is  also  indicated 
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Fig.  3.  Daily  mean  tempera tgres  for  the  winter  season  1983  84  as  obtained  from  OH  (6-2)  band  night 

AIRGLOW  EMISSIONS  NEAR  LONGYEARBYEN .  78  N 

Straight  lines  are  drawn  between  the  daily  means  Temperatures  are  given  in  degn.es  Kelvin  1K1. 


branches.  Also  shown  is  the  auroral  permitted 
emission  at  8446  A  from  atomic  oxygen.  The  auroral 
emission  is  excited  from  particle  bombardment  n.e. 
mainly  electrons)  I  Vallence-Jones.  1974)  and  may  be 
used  as  an  indicator  of  auroral  activity.  Using  spectra 
with  a  relatively  high  resolution  as  shown  in  Fig  2. 
and  containing  an  auroral  reference  emission,  makes  it 
possible  to  eliminate  spectra  with  auroral  emission 
features  which  may  contaminate  the  OH  P,  line 
measurements.  In  the  polar  cap.  auroral  emissions 
from  molecular  species  are  less  frequent  than  in  the 
auroral  oval,  due  to  a  lower  energy  m  the  precipitating 
particles  (Sivjeeand  Deehr.  1980).  Thus,  only  spectra 
void  of  auroral  contamination  of  the  OH  lines  were 

used  to  obtain  temperatures 
The  temperatures  have  been  calculated  from  the 
intensity  distribution  of  the  P i(3).  P 4(4)  and 

P,(5)  lines  assuming  a  Boltzmann  distribution  of  the 
multiple!  rotational  levels,  i.e. 

nr.i'.v"  -J'J'.L')  =  .  i\  v" «-  J”,  i\c')m 

2{2J'  +  l)  -E: r\ 

V  kTm  ‘ 

where  1  is  the  photon  intensity  in  photons  s  *  *  cm ' 3, 
Q[.{Tni)  the  electronic-rotational  partition  function 
for  the  v'  level.  S'v  the  total  concentraton  of  molecules 
in  the  c'  vibrational  level.  Tro,  the  derived  rotational 
temperature  and  E'ie{J‘)  the  upper  state  term  value  for 
the  vibrational  band  r"  v.  The  other  vanables  have 
their  usual  meaning.  The  Einstein  transition 
probabilities.  A.  given  by  Mies  1 1974).  have  been  used 
together  with  energy  levels.  Ei  v  {J  )  by  Kvifte  11959). 
Absolute  calibration  of  the  spectra  were  earned  out  in 


the  field  using  a  standard  lamp.  The  average 
uncertainty  in  an  individual  temperature  as  denved 
from  a  1-  or  2-h  integrated  spectrum  is  r  3  K.  mainly 
due  to  uncertainty  in  defining  the  background 
continuum. 


3.  RESILTS 

Nocturnal  mean  temperatures  were  obtained  by 
averaging  five  or  more  of  the  1-  or  2-h  individual 
temperatures.  The  individual  temperatures  were 
normally  scattered  throughout  a  20-24  h  penod.  and 
on  the  average  covered  14  h  a  night.  Although  the 
length  of  the  night  possible  for  OH  temperature 
determination,  i.e.  ^  100  ,  lasts  only  for  about  9  h 
in  early  March,  the  correction  due  to  the  semidiurnal 
tide  on  the  nightly  average  during  February-March  as 
compared  to  winter  solstice  is  found  to  be  less  than  I  K 
iMyrabo.  1984).  The  nocturnal  averages  may  thus 
safely  be  taken  as  the  average  for  a  12  h  period  around 
iocal  midnight  over  the  entire  period  of  observations 
li  e  November-March).  Because  no  diurnal  variation 
of  temperature  amplitude  obtained  from  OH  larger 
than  1  K  is  found  at  Svalbard  (Myrabo.  1984).  the 
nocturnal  averages  are  equivalent  to  the  daily 
averages.  Thus,  no  corrections  have  been  made  for  the 
semidiurnal  or  diurnal  variation  in  the  temperature 
(Myrabo.  1984).  We  therefore  use  the  expression  daily 
averages  for  the  average  temperature  obtained  within 
each  24-h  interval.  The  resulting  daily  averages  for  the 
1983  84  winter  season  are  given  in  Fig.  3.  A  straight 
line  is  drawn  between  the  averages,  marked  with  open 
circles.  In  addition  to  the  day  and  month,  the  day 
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Fig.  4.  Daily  mean  temperatures  from  the  winter  season  1984. 85  as  obtained  from  OH  ifr-2i  band 

NIGHT  AlRGLOW  EMISSIONS  NEAR  LONGYEARBYEN .  7&  N 
The  radiance  level  (in  nW)  from  Ch.  27  on  the  .VO-44  r  radiometer  integrated  over  the  nonhem  polar  region 
is  also  indicated  i  stippled  line). 


number  is  also  marked  along  the  top  of  the  horizontal 
scale  of  the  figure.  The  temperature  ts  given  in  degrees 
Kelvin  (K).  In  January  and  the  last  part  of  February, 
the  12m  spectrometer  was  used  to  obtain  auroral 
spectra,  resulting  in  the  data  gaps  seen  m  the  figure. 
The  temperatures  for  the  1984/85  winter  season  are 
shown  in  Fig.  4  Figure  4  also  includes  the  radiance 
level  from  Ch.  27  on  the  SOAA  7  radiometer  i see  Fig. 
1).  as  integrated  over  the  northern  polar  region  during 
the  first  and  mid-part  of  the  winter  As  seen  from  the 


deflection  of  the  radiometer,  a  stratospheric  warming 
occurred  near  the  end  of  December. 

Large  variations  in  the  temperature  may  occur 
within  each  daily  average.  An  example  of  this  ts  shown 
in  Fig.  5.  depicting  the  temperature  from  hour  to  hour 
during  pan  of  the  very  intense  warming  of  the  lower 
mesosphere  and  stratosphere  in  late  December  isee 
Fig.  4).  An  average  trend  drawn  through  the  daily 
means  (marked  with  filled  triangles!  is  indicated 

Due  to  the  large  day-to-day  and  week-to-week 


Day  numb®' 
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Fig.  5.  One-hour  integrated  temperatures  from  the  OH  16— 2)  band  nic-ct  airglow  emission  du  ring 

PART  OF  THE  INTENSE  STRATOSPHERIC  WARMING  AT  THE  END  OF  1984 
The  daily  means  are  marked  with  open  circles.  An  average  trend  second  degree  curve  is  fitted  to  the  daily 

means  i  stippled  line). 
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Fig.  6.  Ten  days  running  average  of  the  daily  mean  temperatures  (Marked  with  circles)  for  the 
80/81.  82.83.  83  84  and  84  85  winter  season  at  78  N 
The  monthly  means  are  also  plotted  (crosses)  together  with  the  monthly  means  for  the  CIRA  1972.  ?0  N .  90 
km.  model  atmosphere  itnangles)  A  second  degree  best  fit  curve  is  drawn  through  the  means,  both  for  the 
model  atmosphere  (solid  line)  and  for  the  actual  monthly  mean  temperatures  from  these  measurements 

(stippled  curve). 


variations  in  the  temperature,  data  for  both  seasons 
have  been  added  to  investigate  any  seasonal  trend  and 
for  comparison  with  model  atmospheres  The  daily 
temperatures  for  the  1980. 8 1  and  1982  83  season  as 
obtained  by  Myrabo  1 1984)  have  also  been  included. 
The  1980  81  and  82.83  temperatures  were  obtained 
using  the  OH  (8-3)  band  and  slightly  different 
molecular  constants  (Myrabo,  (984).  A  temperature 
of  2K  was  subtracted  from  the  OH  (8-3)  band 
temperatures,  because  the  OH  (8-3)  band  emits 
mainly  from  a  level  1-2  km  higher  in  the  atmosphere 
than  the  OH  (6-2)  band  (Charters  et  al..  1971; 
Myrabe,  1984;  Hamwey.  1985).  The  temperature 
gradient  obtained  by  Myrabo  (1984)  was  assumed. 
Following  this  adjustment  of  the  80  81  and  82.  83 
temperatures,  the  temperatures  were  corrected  for  the 
differences  in  molecular  constant  used.  Corrections 
were  normally  in  the  range  3-6  K.  to  be  subtracted 
from  the  80  81  and  82  83  temperatures  Thus,  on 
average,  the  80-81  and  82.83  temperatures  were 
lowered  by  5-6  K  to  make  the  data  sets  compatible 
The  maximum  error  introduced  in  the  average  daily 
means  for  the  four  seasons  by  employing  this 
transtormation  procedure  to  the  80  81  and  82,83 
temperatures  is  estimated  to  be  less  than  2  K. 

Figure  6  shows  the  10  day  running  average  of  the 
daily  mean  temperatures  using  the  temperatures  for  all 
four  seasons.  The  10  day  running  averages  are  taken  at 
5  day  intervals,  i.e.  50  °0  overlap.  The  monthly  means 
are  also  plotted  (crosses)  together  with  the  monthly 
means  for  the  CIRA.  1972.  7(TN.  90  km  mode! 
atmosphere  (filled  triangles).  A  second  degree  best  fit 
curve  is  drawn  through  the  means,  both  for  the  model 


atmosphere  (solid  line)  and  for  the  actual  monthly 
means  of  these  measurements  (stippled  curve). 

4.  DISCUSSION 

From  Figs  3  and  4  it  is  seen  that  the  day-to-day 
temperatures  show  large  peak-like  variations  lasting 
fora  few  days  to  a  week  or  two.  This  was  also  seen  in 
the  1980  81  and  82.83  seasons  (Myrabo.  1984i  A 
similar  pattern  was  also  observed  for  the  OI  5577  A 
night  airglow  intensity  variations  from  Thule  (76  N) 
(Mullen  et  al..  1977).  As  seen  m  Fig.  4.  the  relatively 
large  and  consistent  cooling  of  the  OH  (6-2) 
temperature  at  the  mesopause  is  accompanied  by  a 
warming  and  circulation  change  ( Labitzke  et  al. .  1985) 
of  the  lower  mesosphere  and  stratosphere  This  was 
also  the  case  during  the  stratospheric  warming  around 
new  year  in  the  82  83  season  (Myrabo  et  al .  1984). 
Ismail  and  Cogger  (1982)  have  also  associated  large 
week-to-week  changes  of  the  Ol  5577  A  night  airglow 
from  Thule  with  minor  and  major  stratospheric 
warmings.  Thus,  it  seems  established  ihat  these 
apparently  irregular  large  scale  temperature  changes 
taking  place  over  days  and  weeks  are  mainly 
connected  to  effects  of  the  changes  in  the  circulation 
pattern  and  temperatures  in  the  lower  mesosphere  and 
stratosphere.  They  seem  also  to  be  present  during 
seasons  with  no  major  stratospheric  warmings 

From  Fig  4  it  may  also  be  seen  that  the  cold 
mesopause  regions  occur  before  the  lower  mesosphere 
and  stratosphere  start  to  warm.  Simultaneous 
unpublished  me  opause  temperatures  from  Fairbanks 
(65  N I  dunng  the  1984  85  stratospheric  warming 


seem  to  indicate  the  same  pattern,  i.e.  a  cooling  of  the 
mesopause  is  seen  befo.e  the  heating  of  the 
stratosphere  take  place  (Viereck  er  ul-.  1986). 

Transmission  of  gravity  waves  into  the  mesosphere 
is  controlled  by  the  propagation  in  and  the  interaction 
with  the  environment.  Phenomena  as  refraction, 
reflection  and  cnticai-levei  absorption  due  to 
variation  in  mean  zonal  wind  («)  and  the  square  of  the 
Brunt-Vaissala  frequency  |.V:)  with  height  may  cause 
major  changes  m  the  waves  with  height  i selective 
filtering).  Spatial  inhomogeneities  in  the  trans¬ 
missivity  and  or  in  the  gravity-wave  sources  are 
thought  to  be  capable  of  exciting  large  scale  gravity 
waves  or  planetary  waves  (Fritts  et  al  .  1984).  Such 
large  scale  excited  waves  may  be  important  in  wave- 
wave  interaction  in  connection  with  stratospheric 
warmings  (Smith.  1985). 

Gravity  waves  may  thus  be  important  both  in  the 
warming  of  the  stratosphere  and  m  the  cooling  of  the 
upper  mesosphere 

If  the  winter  mesosphere  and  mesopause  region  is 
kept  warm  largely  from  energy  deposited  by  breaking 
gravity  waves  originating  in  the  lower  atmosphere,  a 
slight  change  in  the  circulation  pattern  of  the 
underlying  atmosphere  would  affect  the  propagation 
of  these  waves  (Dunkerton  and  Butchan.  1984)  and 
the  heating  rate.  Thus.  Ltndzen  (1981)  and  Holton 
(1983)  have  suggested  that  appearance  of  easterlies 
will  inhibit  propagation  of  quasi-stationary  gravity 
waves  to  the  mesosphere.  This  would  allow  the 
mesopause  and  upper  mesospheric  region  to  undergo 
radiative  cooling.  A  10-20  K  per  day  cooling  rate 
could  occur  (Chamberlain.  1978;  Ebel.  1984).  which  is 
in  the  range  of  actual  average  cooling  seen.  It  is  also 
consistent  with  the  observation  of  the  cooling  taking 
place  before  the  heating  is  observed  in  the  lower  part  of 
the  atmosphere  (Holton.  1983). 

The  10  day  running  average  temperature  in  Fig  6 
(average  for  all  four  seasons)  also  shows  a  peculiar 
drop  in  the  temperature  during  the  end  of  December 
followed  by  a  very  warm  period  in  January.  The 
standard  deviation  in  the  10  days  running  average  is  in 
the  range  2-5  K.  which  means  that  the  December 
January  dip  is  real  and  has  a  total  amplitude  of  20-30 
fC.  A  closer  look  at  the  data  for  each  year  shows  the 
tendency  for  a  mesopause  cooling  to  occur  around 
New  Year  each  year,  even  during  1983  84  which  was 
not  a  year  with  a  major  statospheric  warming 
iLabitzkeer  al..  19851.  No  auroral  effects  seem  to  have 
a  seasonal  pattern  that  could  account  for  part  of  the 
December  January  ‘wave"  in  the  mesopause  and 
lower  thermosphere  temperature.  Thus,  we  may 
conclude  that  this  “wave”  seems  to  be  entirely 
associated  with  changes  in  the  gravity  wave  activity 


and  in  the  circulation,  temperature  or  transport  in  the 
underlying  atmosphere  A  further  consequence  of  this 
seems  to  be  that,  on  fhe  average,  mesopause 
temperatures  m  the  northern  polar  cap  reach  a 
maximum  in  January,  and  not  in  December  as 
predicted  by  the  CIRA  1972  model  atmosphere 
The  peculiarity  that  the  mesopause  region  seems  to 
warm  up  dramatically  just  after  the  cooling 
accompanied  by  the  st  rat  warms,  and  somewhat 
compensates  for  the  cold  period,  causing  an  extremely 
warm  mesopause  in  January,  cannot  be  explained  vet 
However,  investigations  for  the  coming  years  are 
planned  which  may  provide  an  answer  to  this. 


5.  SUMMARY 

Mesopause  lower  thermosphere  temperatures  have 
been  deduced  from  spectrophotomemc  observations 
of  the  night  airglow  OH  emissions  dose  to 
Longyearbyen  on  West  Spitsbergen  i78  N.  Lat..  15  E. 
Long.,  geographic)  during  the  80  81. 82  83.83  84  and 
84  85  winter  seasons.  A  1  2  M  Ebert  Fastie 
spectrophotometer  has  been  used  to  obtain  the 
emission  spectra  with  a  spectral  resolution  of  7  A. 
resolving  the  P,  -  and  P, -lines  of  the  OH  i6-2)  and  <8- 
3)  bands.  A  monthly  average  temperature  maximum 
of  223  K  is  found  to  occur  in  January  with  monthly 
averages  of  206.  212.  212  and  198  K.  respectively  for 
November.  December.  February  and  March.  The 
January  monthly  average  is  about  10  K  higher  than 
the  respective  CIRA  1972  mode!  atmosphere 
temperature  at  90  km.  70  N.  A  relatively  low 
temperature  in  late  December  followed  by  a  warm 
mesopause  in  early  January  is  seen  to  be  consistent  for 
all  four  seasons.  In  the  10-day  running  average 
temperature  this  appears  as-  a  20-30  K.  amplitude 
temperature  wave  around  years  end.  This  "wave" 
might  be  associated  with  circulation  changes  n.e. 
stratwarmsi  in  the  lower  mesosphere  and 
stratosphere,  and  physically  related  to  the  changes  in 
the  occurrence  of  breaking  gravity  waves  at  the 
mesopause  caused  by  interaction  with  the  general  flow 
in  the  underlying  atmosphere  Large  hour-to-hour 
variations  in  the  temperature  are  regularly  seen, 
indicating  the  presence  of  gravity  waves  Hourly 
temperatures  as  large  as  283  K.  and  as  low  as  158  K. 
have  been  observed. 
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Abstract  Ground-based  spectrophotomemc  measurements  of  night  airglow  OH  1 8—3)  band  absolute 
mcensmes  in  the  polar  cap  region  <  78.4”N)  dunng  winter  solstice  are  reported  A  mean  value  of  425  r  40  R  is 
found  for  the  absolute  intensity  of  the  OH  (8-3)  band.  Maximum  and  minimum  daily  mean  values  were  ‘*70 
and  320  R  respectively  with  hourly  mean  values  ranging  from  180  to  1020  R.  Neither  a  winter  solstice  minimum 
or  maximum  in  the  intensity  is  obvious  from  the  data.  No  consistent  correlation  was  found  between  the 
absolute  intensity  and  geomagnetic  and  solar  activity.  A  mean  transport  of  O  and  03  into  the  polar  cap  region 
corresponding  to  a  meridional  wind  speed  of  at  least  20  ra  s  ~ 1  at  90  km  height  seems  necessary  to  maintain  the 
observed  intensity.  A  dominant  semidiurnal  tide  component  is  found  in  the  intensity  data,  both  on  a  20-day 
and  a  3-day  time  scale. 


I.  INTRODUCTION 

The  night  airglow  emissions  originating  from  the  X^II* 
-XJn,  transition  of  the  hydroxyl  molecule  are 
confined  to  the  80-95  km  region  of  the  atmosphere.  The 
emissions  are  a  consequence  of  the  ozone  reaction 
(Bates  and  Nicolet,  1950:  Herzberg,  1951): 

03  +  H -OH(u '^9)-v-0,.  (1) 

Additional  mechanisms  have  also  been  proposed 
(Nicolet,  1970:  Krassovsky.  1972)  but  have  not  so  far 
been  shown  to  contribute  significantly  compared  to  the 
ozone  mechanism  (fcvans  and  Llewellyn,  19^2 : 
Harrison  and  Kendall,  i973  Llewellyn  and  Long, 
1978:  Takcuchi  et  ai.,  1981;  Takahashi  and  Batista. 
1981 ;  Myrabo  et  a/.,  1983). 

Measurements  of  the  OH  emission  alone  or  together 
with  other  night  airglow  emissions  such  as  the  Of  5577 
and  6300  A  lines  and  the  Oz(  lL)  and  ( 1  A)  bands  may  be 
used  as  a  means  of  remotely  monitoring  the  spatial  and 
temporal  variations  of  the  odd  oxygen  concentration  as 
well  as  the  dynamical  behavior  of  the  atmosphere. 
Neutral  temperatures  at  the  mesopause  level  may  be 
found  by  analyzing  the  rotational  Une  intensity 
distribution  of  the  emission  bands  (Kvifte.  1959). 

Extensive  studies  of  the  OH  night  airglow  have  been 
earned  out  at  low  and  mid-latitudes  in  order  to  clanfy 
the  excitation  mechanism  and  behavior  of  the  O  H  nigh  t 
airglow  itself,  and  also  as  a  means  of  remotely  studying 
other  atmospheric  parameters  and  processes,  such  as 
temperature,  wind,  composition,  tides,  gravity  waves, 
etc.  (Meinel,  1950;  Dufay.  1951;  Chamberlain  and 
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Roesler.  1955;  Fedorova,  1959;  Kvifte.  1961 ;  Noxon, 
1964;  Shefov.  1969a.  b.  1970:  Hunten.  1971 ;  Sivjee  et 
ai.  1972;  Krassovsky,  1972;  Wiens  and  Weill,  1973; 
Vallance- Jones.  1973:  Good.  1976;  Petitdidier  and 
Teitelbaum.  1977 ;  Krassovsky  et  ai,  1977  Moreels  et 
ai.  1977;  Fishkova,  1978;  Shaga-  1980;  Takahashi 
and  Batista,  1981). 

By  contrast,  very  little  is  known  regarding  airglow 
emission  in  the  winter  polar  cap  region.  Reed  1 1 976) 
utilized  photometric  data  at  6230  A  ,50  A  bandwidth) 
from  the  Ogo  4  spacecraft  and  found  a  strongly  variable 
enhanced  r  .ensity  level  dunng  part  of  the  1967  $8 
winter  at  high  latitudes  that  seems  not  totally 
explainable  by  auroral  contamination.  The  enhance¬ 
ments  may  be  explained  by  an  enhanced  OH  night 
airglow  emission  and  partly  by  an  increased  mghtglow 
continuum  from  NOz  (Gadsden  and  Marovich  1973). 
Walker  and  Reed  f  1 976)  showed  that  the  ennanced 
levels  probably  were  connected  with  stratospheric 
warming  events.  In  both  these  works  which  are  based 
on  photometric  data,  auroral  contnoution  to  the 
enhancements  cannot  be  ruled  out  and  it  seems  difficult 
to  attribute  'he  enhancement  to  a  specific  emission,  i.e. 
OH  or  NO, 

Other  airglow  measurements  in  the  polar  cap  region 
are  the  OI  5577  A  emission  study  earned  out  at  the 
Antarctic  station  -^sing  photographic  equipment 
(Sandford,  1964).  Mullen  et  al.  1 1 977)  report  ground- 
based  measurements  of  the  OI  5577  A  emission  from 
Thule,  Greenland.  They  found  the  OI  5577  A  night 
airglow  emission  in  polar  cap  region  to  be  quite 
different  from  that  observed  at  mid-  and  low  latitudes. 
No  significant  diurnal  vanation  was  found  in  the  data ; 
large  amplitude  vanation.  on  the  time  scale  minutes  to 
hours  are  relatively  common  and  for  periods  of  4-19 
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days  strongly  enhanced  levels  are  found  to  exist  This 
pattern  is  similar  to  that  found  in  the  OH  intensity 
reported  here,  and  may  point  toward  a  common  source. 
They  also  show  that  the  intensity  distribution  is 
different  from  lower  latitudes  n.e  showing  a  skewed 
bimodai  distribution  for  polar  region  compared  to  a 
skewed  unimodal  at  low  and  mid-latitude)  also  found 
by  Sandford  11964).  A  correlation  between  boundary 
crossing  of  the  interplanetary  held  and  the  sign  of  the 
gradient  of  the  airglow  intensity  u.e.  increasing  or 
decreasing  slope)  was  also  found  to  exist  for  two  of  the 
observing  seasons. 

Ismail  and  Cogger  (1982)  extended  the  study  by 
Mullen  ei  ai  1 1977)  using  data  from  the  ISIS-2  satellite. 
They  attributed  the  enhanced  OI  5577  A  emission 
periods  to  increased  meridional  transport  of  oxygen 
into  the  polar  cap  and  showed  that  stratospheric 
warming  events  might  result  in  an  enhanced  polar  cap 
OI  5577  A  airglow. 

In  two  recent  papers.  Mvrabo  et  ai.  (1983)  and 
Myra  bo  (1983)  have  reported  ground  based  measure¬ 
ments  of  OH  emissions  from  Spitsbergen  (78.4  N) 
during  winter  solstice  condition.  Large  amplitude  vari¬ 
ation  of  both  intensity  and  temperature  1  up  to  ~  70  K 
in  temperature)  is  foand  in  the  internal  gravity  wave 
penod  range  On  a  larger  time  scale,  the  daily  mean 
temperatures  show  a  wave-like  pattern  with  deviations 
from  the  mean,  each  lasting  for  about  3-10  days.  A 
semi-diurnal  but  no  diurnal  variation  in  the 
temperature  is  aiso  evident. 

The  purpose  of  this  paper  is  to  continue  the  study  of 
the  OH  emission  in  polar  cap  region,  utilizing  the 
1982  83  season  absolute  intensity  measurements  at 
winter  solstice.  From  results  reported  in  the  previous 
papers  and  in  this  paper,  it  seems  obvious  that  the  OH 
intensity  and  temperature  pattern  in  polar  cap  regions 
are  mainly  governed  by  large  and  small  scale  transport 
and  wave  phenomena.  A  disturbed  OH  intensity  and 
temperature  pattern,  i.e.  strongly  fluctuating  with  time 
with  periods  from  minutes  to  days,  seems  more  to  be  the 
rule  than  the  exception. 

1  OBSERVATIONS  AND  DATA  REDICTION 

The  OH  emission  data  employed  in  this  work  were 
part  of  measurements  undertaken  during  the  1982  83 
campaign  of  the  Multi-National  Svalbard  Auroral 
Expedition  (Deehr  et  al..  1980)  close  to  Longyearbyen 
on  West  Spitsbergen  178.4  N.  Lat..  15  E  Long, 
geographic). 

OH  emissions  are  normally  predominant  in  the  near 
i.r.  part  of  the  night  sky  spectrum  Contamination  by 
auroral  molecular  emission  as  in  the  auroral  zone 
(Vallance-Jones.  1974:  Meriwether.  1 97  5 )  is  most  oft  he 


time  insignificant  at  Spitsbergen  bccau>e  <»t  a  much 
lower  occurrence  frequency  of  auroras  1  Stringer  and 
Belon.  19h”i  and  because  auroras  at  these  latitudes  are 
generally  at  a  higher  altitude  and  emu  mainly  atomic 
lines  (Sivjee  and  Deehr.  1980).  Thus,  a  normal,  high- 
responsivitv  auroral  spectrophotometer  operated  at  a 
resolution  of 2000(4  A  bandwidth)  or  more  may  be  used 
to  obtain  measurement  of  the  OH  bands  and  lines 
clearly  resolved  from  auroral  emissions. 

At  the  Longyearbyen  Observatory,  a  1  m  and  a 
1  2  m  high-throughput  Ebert-Fasue  spectrometer  are 
coupled  to  a  mini-computer  recording  in  the  photon- 
counting  mode  The  1  m  instrument,  used  lor  the 
measurements  reported  here,  is  further  described  by 
Dick  ei  ai  1  WO)  and  Sivjee  el  ai.  1 1972). 

The  spectrophotometer  was  normallv  operated  for 
24  h  a  day  from  December  1982  to  January  1983  For 
the  absolute  intensity  measurements  reported  here, 
only  periods  with  clear  sky  and  stable  atmospheric 
transmission  were  selected.  The  transparency  of  (he 
atmosphere  was  checked  by  visually  observing  a 
known  sequence  of  non-variable  stars.  A  10-20% 
intensity  variation  of  the  stars  could  routinely  be 
detected  Within  periods  where  detectable  trans¬ 
parency  variation  occurred,  data  were  not  utilized. 
Spectra  were  aiso  rejected  when  Fraunhofer  lines 
occurred  during  twilight  and  full  moon  periods. 

The  spectrophotometer  was  pointed  towards  the 
zenith  and  the  OH  (8-3)  band  Clines  in  the  '280--4IP.A 
region  were  scanned  in  8  or  32  s  using  tne 
spectrophotometer  in  the  second  order  with  a  1  or  2  mm 
slit  corresponding  to  a  bandwidth  of  1.5  and  3  A 
respectively  Each  scan  was  recorded  on  magnetic  tape. 
Individual  rotational  temperatures  were  calculated 
from  1  -  and  3-h  integrated  scans,  by  employing  K  vifte's 
method  using  the  intensity  ratio  of  the  P,(2).  P;(  3).  .D;i4l 
and  Pjlf)  lines  iKvifte.  1959)  The  total  band  intensity 
was  calculated  using  the  well-known  formula  for  the 
variation  of  (he  intensity  of  the  li/ies  in  a  rotational- 
vibrational  band  as  a  function  of  angular 

momentum  J  1  Herzberg,  19501 

L  =  I  C*S.  (i)  e'f-  'JW*kT. 

where  /,. ,  is  the  toiai  r  -r  band  intensity.  C  a  constant. 
5,  1  J\  the  line  strength.  F,.  {J\ the  rotational  term  value 
m  the  upper  vibrational  level  v .  /.  the  w  avelength  of  the 
line,  and  h.  c.  k  and  T  have  their  usual  meaning.  The 
total  OH  1 8-3)  band  intensity  was  thus  calculated  (and 
'he  constant  C  determined  (using  the  absolute  intensity 
of  (he  P,i3l  line  together  with  the  temperature  T 
calculated  from  the  Pl  lines  using  K vifte’s  method. 
Summations  fur  the  R.  Q  and  P  branches  up  to  V  =  ^ 
were  performed.  The  line  strength  of  Honl  and  London 
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( 1925)  and  the  F \J)  values  as  determined  from  Dieke 
and  Crosswhite  ( 1 948)  and  Kvifte  (1959)  have  been 
used.  Absolute  intensity  calibration  was  performed  in 
the  held  using  a  standard  lamp  and  a  diffusing  screen. 

Probable  error  for  a  single  measurement  ti.e.  l-or  3-h 
integration)  is  estimated  to  be  ^  3  K  in  the  temperature 
and  less  than  10%  in  the  relative  intensity  The 
uncertainty  of  the  absolute  scale  is  about  20° „  mainly 
due  ic  calibration  uncertainty.  The  absolute  intensity 
given  s  not  corrected  for  atmospheric  extinction. 
Cone  ted  emission  intensity,  i.e.  at  the  emission  height, 
may  be  found  by  applying  an  extinction  coefficient  of 
0.2(Myrabo.  I979)and  a  ground  albedo  for  snow  at  the 
appropriate  wavelength  of  0.7  (Myrabo  et  at.,  1982). 

Example  of  the  quality  of  the  data  used  is  given 
elsewhere  I  Myrabo,  1983).  Daily  mean  values  are  based 
on  12-24-h  averages  of  the  1-  and  3-h  values.  Auroral 
activity  was  monitored  by  the  intensity  of  the  7320  30  A 
Oil  lines.  Additional  care  was  taken  to  assure  that  there 
was  no  contamination  from  N21P  and  other  auroral 
molecular  emissions. 

3.  RESULTS  AND  DISCUSSION 

3. 1  Winter  solstice  behavior  of  the  intensity 

Absolute  intensities  of  the  OH  (8-3)  band  for  each 
day  as  denved  from  hourly  and  three-hourlv  means  are 
plotted  in  Fig.  I  The  daily  means  are  indicated  by  filled 
squares  and  straight  lines  are  drawn  between  each 
mean.  Dashed  lines  indicate  that  intensities  for  one  or 
more  days  are  missing.  Some  of  the  measurements  did 


TIME  (DAY  /  MONTH  /  1982-83) 


Fig.  1.  Daily  mean  values  of  the  OH  (8-3)  band  intensity 

ARE  GIVEN  WITH  STRAIGHT  LINES  DRAWN  BETWEEN  THE  MEANS 
Dashed  lines  indicate  data  for  one  or  more  days  is  missing. 
Planetary  geomagnetic  disturbance  index  Kv  and  OH 
rotational  temperature  are  also  given.  Days  with  geomagnetic 
storm  sudden  commencements  and  the  direction  of 
interplanetary  magnetic  field  are  indicated  by  A  and  * .  - 
respectively 


not  cover  24  h  Where  less  than  a  12-h  period  of  data 
were  missing,  interpolation  was  performed  using  mean 
values  on  each  side  averaged  over  the  hours  of  missing 
data.  Daily  f24-hi  mean  values  were  then  calculated 
from  the  original  and  the  interpolated  data.  The  OH 
rotational  temperature  data  for  the  same  period  as 
given  by  Myrabo  (1983)  is  added  to  the  figure  for 
comparison.  In  addition,  the  daily  mean  value  of  the 
planetary  geomagnetic  activity  index  Kp  is  shown 
together  with  direction  of  the  interplanetary  magnetic 
field  (i.e.  ,  - 1.  Days  with  geomagnetic  storm  sudden 

commencements  are  indicated  by  a  A  in  the  lower  part 
of  the  figure. 

The  dataset  consists  of  absolute  intensities  from 
about  150000  individual  spectra  recorded  during  a 
total  time  of  402  h  covering  20 days.  Even  though  there 
are  several  periods  with  missing  data  (due  to  bad 
weather)  Fig.  1  shows  neither  maximum  nor  minimum 
around  winter  solstice.  An  irregular  intensity 
fluctuation  around  the  baseline  mean  of  425^40  R. 
seems  to  be  a  better  description  of  the  l  month  winter 
solstice  period  covered.  This  is  somewhat  in 
disagreement  with  the  results  and  suggestions  reported 
by  Shefov  <  1969a).  He  reports  a  winter  maximum  in  the 
OH  emission  intensity  at  latitudes  poleward  of  approx 
35'  (geographic).  Both  the  data  from  Yakutsk  (62CN. 
geographic)  and  Loparskaya  (68  N.  geographic)  shows 
a  very  strong  intensity  maximum  around  winter 
solstice.  Independent  measurements  by  Visconti  et  at. 
1 1 97 1 )  at  42 ;  N  and  by  Harrison  et  at.  ( 197 1 )  at  5 1  N  also 
shows  winter  intensity  maxima  in  accordance  with 
Shefov  1 1969a).  On  the  other  side,  measurements  by 
Kvifte  1 1967)  from  T romso  ( 70'N.  geographic)  reveals  a 
dear  tendency  of  a  declining  intensity  during  the 
autumn  towards  the  end  of  November  pointing 
towards  a  minima  at  winter  solstice. 

Because  the  mam  production  of  O  is  r^'ated  to  solar 
photodissociation  (Giachardi  and  Wayne.  1972; 
Simonaitis  et  at 19^3.  Moreels  et  at..  1977),  by  the 
process 

O,  -/iv  —  O  -*-0.  (2) 

ui;:  might  expect  the  diminishing  production  of  O  in 
the  24-h  polar  night  to  lead  to  a  decrease  in  the  OH 
emission,  i.e. 

O  -  O >  M  —  O ,  ~  V/  l3i 

and 

03  *  H  —  OH  -  0:  (41 

The  results  reported  by  Kvifte  11967)  and  the  winter 
solstice  minimum  of  the  OI  5577  A  night  airgiow 
emission  ir  polar  cap  regions  found  by  Mullen  et  at 
(1977)  also  suggest  that  one  rather  should  expect  a 
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winter  solstice  minimum  than  a  maximum  at  these 
latitudes  |  i.e.  >  70' N I.  However,  the  one  season  of  data 
presented  here  do  not  rule  out  a  broad  (  >  1  month) 
minimum  or  maximum.  The  dominance  of  the  wavelike 
pattern  may  also  partly  mask  an  eventual  trend  around 
solstice 

On  a  planetary  scale  the  absolute  intensity  of  OH 
emission  is  found  to  be  at  a  minimum  around  25 
(geographic),  increasing  steadily  poleward  towards 
68'N  (Shefov.  1969a).  Absolute  intensity  measure¬ 
ments  above  70°  latitude  have  only  been  recorded  from 
airborne  platforms  like  those  by  Noxon  1 1964)  and  by 
Sivjee  ei  ai  (  1972)  providing  data  only  for  a  few  hours 
not  sufficient  to  establish  any  seasonal  trend  or  mean 
value.  The  mean  winter  solstice  value  of  425  ±40  R 
found  here  for  the  OH  (8-3)  band  is  therefore  the  first 
mean  value  based  on  a  more  extensive  data  set.  It  is 
close  to  the  yearly  mean  found  by  Krassovsky  et  at. 
(1956)  at  553N.  Compared  with  more  recent 
measurements,  it  almost  duplicates  the  2  yr  mean  of 408 
±40  R  reported  by  Takahashi  et  at.  ( 1977)  from  Brazil 
(23°S)  which  is  very  close  to  the  normalizing  latitude 
employed  by  Shefov  ( 1969a)  in  his  work,  i.e.  the  latitude 
of  minimum  intensity  of  the  OH  emission.  Thus,  using 
the  2  yr  mean  Brazilian  value  to  calculate  an  expected 
winter  solstice  maximum  at  68°N  employing  Shefovs 
( 1969a)  latitudinal  and  seasonal  variations,  an  emission 
intensity  of  ^950  R  is  found.  Extrapolating  this  value 
according  to  Shefov’s  results,  i.e.  a  latitudinal  increase 
and  a  winter  solstice  maximum,  gives  an  even  higher 
value  at  -  78° N  by  20-30%  i.e.  -  1.2  kR.  If  we  instead 
assume  a  winter  solstice  minimum  at  80°N,  of  the  same 
order,  i.e.  30%  an  emission  intensity  of  ^  530  R  is 
calculated  for  winter  solstice  condition  at  80°N.  The 
latter  value  is  in  much  better  agreement  with  the  actual 
value  observed. 

The  data  material  gathered  so  far,  thus  suggest  a 
winter  solstice  minimum  of  OH  emission  rather  than  a 
maximum  at  extreme  high  latitudes,  i.e.  >  70;  This  is  in 
agreement  with  the  OI  5577  A  mghtglow  emission 
minimum  in  polar  cap  regions  reported  by  Mullen  et  al. 
(1977).  However,  data  for  more  seasons  should  be 
gathered  before  making  any  firm  conclusions  on  this. 

3.2.  Relation  to  solar  and  geomagnetic  activity 

It  was  first  suggested  by  Krassovsky  ( 1956)  that  OH 
emission  intensity  should  be  affected  by  geomagnetic 
disturbances.  Shefov  ( 1959)  reported  an  intensification 
of  the  OH  emission  intensity  during  magnetically 
disturbed  periods.  Later  study  by  Berg  and  Shefov 
(1962)  and  Saito  (1962)  failed  to  show  a  definite 
correlation  between  OH  emission  intensity  and 
geomagnetic  activity 

In  a  later  work  Shefov  1 1969a).  using  an  impressive 


amount  of  data,  gives  ex  penmentai  evidence  for  a  direct 
effect  on  the  OH  emission  intensity  and  temperature 
from  geomagnetic  disturbances  He  found  a  wavehke 
disturbance  in  the  intensity  with  an  amplitude  up  to 
70°oofthe  OH  emission  intensity  at  Zvenigorodl55  N) 
travelling  equatorward  from  the  auroral  zone  with  an 
apparent  speed  of  5- 1 0ms ' 1  The  amplitude  decreased 
as  the  disturbance  moved  equatorward. 

Theoretical  calculations  by  Maeda  (1968)  and 
Maeda  and  Aikin  ( 1968)  concerning  the  dissociation  of 
0:  molecules  in  the  case  of  impact  of  electrons  at  the 
appropriate  altitude,  show  the  effects  to  be  very  small 
on  the  O  and  Oj  concentration.  Dissociation  of  0; 
associated  with  auroral  substorm  directly,  seems 
therefore  not  sufficient  to  explain  Shefov's  data.  More 
recent  discussion  (Brekke.  1977)  concerning  effects 
from  Joule  heating  and  ion  drag  heating  on  mesospheric 
and  thermospheric  temperatures  also  concludes  that 
the  energy  present  in  an  auroral  substorm  seems  not 
sufficient  to  alter  the  mean  temperature  significantly  m 
the  90  km  region. 

From  comparison  between  the  variation  in  the  daily 
mean  OH  emission  intensity  and  planetary  geomag¬ 
netic  disturbance  index  Kp,  time  of  storm  sudden 
commencement  and  boundary  crossing  of  the 
interplanetary  magnetic  field,  no  consistent  correlation 
can  be  seen  from  Fig.  1  between  OH  emission  intensity 
and  the  other  parameters.  Applying  3-h  averages 
instead  of  daily  averages  and  allowing  for  time  delays, 
still  leaves  us  with  an  inconsistent  correlation,  i.e 
positive  correlation  between  one  or  more  peaks  may  be 
found  while  a  negative  or  no  correlation  applies  to  the 
rest  of  the  data  This  is  very  similar  to  the  findings  by 
Saito  (1962)  and  Weill  and  Christophe-Glaume  ( 1967). 
While  Shefov  1 1969a)  argued  that  these  observations 
showed  negative  results  because  the  sites  were  too  far 
from  the  aurora)  regions  and/or  data  only  covered  a 
couple  of  days,  this  objection  cannot  be  held  against 
our  data.  Svalbard  is  far  more  closely  surrounded  by 
the  auroral  oval  than  Zvenigorod. 

One  may.  therefore,  conclude  that  the  data  so  far 
available  indicate  a  very  small  or  no  direct  correlation 
between  daily  mean  (or  3-h  mean!  OH  emission 
intensities  and  geomagnetic  disturbances  in  polar  cap 
regions.  It  is  evident  that  this  also  applies  to  the  OH 
rotational  temperature  as  given  in  the  upper  part  of 
Fig.  1 


3.3.1.  Gravity  wares.  Figure  1  shows  that  the 
behavior  of  intensity  and  temperature  during 
December  reveals  a  similar  pattern  It  may  be  described 
as  consisting  of  a  relatively  stable  level  with  three  main 
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enhanced  periods.  This  is  particularly  obvious  for  the 
temperature.  In  an  earlier  paper  when  only  the 
temperature  pattern  was  available,  Myra  bo  1 1 983) 
argued  that  enhanced  temperatures  lasting  for  a  few 
days  most  likely  were  due  to  gravity  wave  effects,  i.e. 
direct  energy  deposition  as  a  consequence  of  the 
breakdown  of  the  waves  ( Hines.  1965)  and  or  turbulent 
diffusion  increased  by  gravity  wave  action 
(Zimmerman  and  Murphy,  1977)  transporting  warmer 
air  down  from  above.  The  intensity  enhancements 
simultaneous  with  temperature  enhancements  further 
strengthen  this  suggestion.  Increased  turbulent 
diffusion  produced  by  gravity  waves  may  be  seen  to  be  a 
sufficient  mechanism  to  explain  both  the  enhanced 
intensity  and  temperature  levels  by  vertical  mixing  of 
oxygen  and  wanner  air  from  above.  Increased 
turbulent  diffusion  was  successfully  applied  by  Moreels 
et  al.  ( 1977)  in  an  oxygen-hydrogen  atmosphenc  model 
to  simulate  mid-  and  high  latitude  observed  deviations 
from  a  chemical  production  and  loss  pattern.  Hamson 
el  al.  ( 197 1 )  also  pointed  out  a  change  in  the  downward 
transport  or  height  of  the  oxygen  profile  as  an 
explanation  of  observed  enhancements  in  the  OH 
emission  intensity 

Unfortunately,  due  to  consistent  clouds  or  mist,  only 
a  few  days  of  absolute  intensity  measurements  were 
available  during  January.  However,  both  the  mean 
intensity  later  in  January  and  the  behavior  of  the  daily 
means  seem  to  be  not  significantly  different  from 
December 

3.3.2.  Siratosphenc  warming.  A  stratospheric  warm¬ 
ing  is  normally  associated  with  a  cooling  of  the 
mesosphere  (Labitzke,  1977.  1980;  Schoeberl.  1978). 
Connected  with  such  a  warming  is  also  a  large-scale 
redistribution  and  mixing  of  the  upper  atmosphere 
(Mclnturff,  1978;  Labitzke,  1981)  that  is  expected  to 
result  in  a  large  increase  in  the  OH  emission  intensity 
(Fukuyama,  1977;  Walker  and  Reed,  1976.  Fishkova, 
1978).  The  cold  mesopausc  during  New  Year  1983  does 
coincide  with  a  stratwarm  event  (Naujokat  et  al 1983), 
but  we  can  hardly  see  any  large  scale  enhancement  of 
the  OH  emission  intensity  following  this  event.  This  is 
opposite  to  results  reported  by  Walker  and  Reed  ( 1976). 
Thus,  it  seems  that  a  stratwarm  is  not  necessarily 
needed  to  result  in  a  large  enhancement  of  OH  emission 
intensities  in  the  polar  regions. 

3.3.3.  Meridional  transport.  As  previously  men¬ 
tioned  in  Section  3.1,  there  is  no  production  of  odd 
oxygen  compounds  by  solar  photodissociation  in  the 
polar  cap  region  dunng  mid-winter.  To  keep  the  OH 
emission  intensity  at  t*”*  observed  400  R  level  for  the 
1 8-3)  band  requires  a  certain  meridional  transport  from 
the  terminator.  An  approximate  calculation  was 


made  assuming 

( 1 )  the  meridional  flux  to  replace  the  loss  i  mainly  by 
equation  (lit. 

(2)  a  loss  rate  of  4  x  105  [03]  cm  ' 3  s  * 1  at  the  OH 
emission  peak  1 90  km)  (Moreels  et  al..  1977), 

(3)  a  dark  polar  cap  650  km  radius  at  90  km  height 

This  results  in  a  meridional  wind  speed  of  the  order  of 
20  m  s'1,  which  may  be  compared  with  the  9  m  s ' 1 
semidiurnal  tide  temperature  associated  wind  speed 
derived  from  part  of  the  December  temperature  data 
presented  m  Fig.  I  (Myraba.  1983).  Nisbett  andGlenar 
( 1977)  have  analyzed  data  from  a  senes  of  high  iatitude 
vapor  trail  expenments  and  arrived  at  a  mendional 
transport  of  50  m  s ' 1  into  the  polar  cap  region  in  the 
altitude  range  100-110  km.  Ismail  and  Cogger  1 19821 
from  OI  5577  A  airglow  measurements  required 
mendional  wind  speed  into  the  polar  cap  of  10- 
20  m  s ' 1  to  explain  the  observed  OI  5577  A  intensity 
and  vananons. 

Assuming  that  a  significant  fraction  of  the  03  is 
transported  across  the  polar  cap,  an  even  higher  wind 
speed  than  20  m  s" 1  would  be  needed.  To  explain  the 
intensity  gradients  of  the  enhanced  penods  and  the 
levels  reached,  a  mendional  wind  speed  up  to  approx 
40ms'1  for  some  hours  is  needed.  This  seems  to  be 
rather  high  for  the  particular  altitude  range  under 
consideration  (i.e  -90  km),  but  Deehr  ei  al.  (1966) 
observed  the  effects  at  67  :N.  145:W  of  an  Li  release  from 
58CN.  953W  within  12  h  implying  an  average  speed  of 
60  m  s' 1  Even  though  the  release  was  near  160  km 
altitude,  the  Li  was  at  the  mesopause  by  the  time  of  the 
observation.  Vertical  mixing  of  oxygen  from  above 
could  be  one  possible  source  in  addition  to  mendional 
transport. 

3.4.  Short  term  behavior —  intensity  and  temperature 
correlations 

Fluctuations  in  both  OH  emission  intensity  and 
rotational  Lemperature  in  the  gravity  wave  period 
range  (i.e.  -5  min  or  morel  with  amplitudes  from 
±20  K  in  temperature  and  ±20°o  intensity  are  not 
uncommon  for  OH  measurements  generally  These 
fluctuations  appear  now  and  then  at  all  latitudes,  but  it 
is  not  regular  behavior  (Shefov.  1969a;  Wiens  and 
Weill.  1973;  Takahashi  et  al..  1974.  Misawa  and 
Takeuchi.  1978). 

From  OH  emission  data  obtained  dunng  the 
1980/81  observed  season  at  Longyearbven.  it  became 
clear  that  very  large  amplitude  regular  and  irregular 
oscillations  in  both  intensity  and  temperature  also 
could  occur  in  the  polar  cap  region.  A  special  event, 
believed  to  be  due  to  the  passage  of  gravity  waves,  with 
amplitudes  up  b  ±  70  K  in  temperature  within  a  few 
hours  was  reported  by  Myrabo  et  al.  (1983). 
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OH  data  obtained  m  1982,83  further  confirm  that 
medium-to-Iarge  amplitude  oscillations  in  both 
temperature  and  intensity  are  not  exceptional  for  OH 
emissions  in  the  polar  cap  region. 

As  found  from  observations  at  F 2  region  heights 
l  Thome,  1968;  Shashun’Kina  and  Yudovich.  1980i 
substorms  and  geomagnetic  disturbances  are  likely  to 
generate  internal  gravity  waves.  Internal  gravity  waves, 
launched  from  geomagnetic  disturbances  and  travel¬ 
ling  downward  into  the  mesopause  region,  though  not 
containing  enough  energy  to  alter  the  mean 
temperature  significantly,  may  cause  OH  temperature 
and  intensity  oscillations  around  the  mean  values. 
Observations  by  Shagaev  1 1974)  and  Krassovsky  et  al. 
(1977)  showed  that  at  least  some  of  the  gravity  wave 
events  recorded  at  mid-  and  high  latitudes  near  the 
mesopause  probably  originate  in  the  auroral  zone 
and  that  they  were  connected  with  geomagnetic 
disturbances. 

Figure  2  shows  a  75-h  (i.e.  ^3  days)  continuous 
record  of  the  OH  intensity  and  temperature  as  obtained 
from  I-h  integrations  of  emission  spectra.  This  seems  to 
represent  a  relatively  normal  behavior,  and  as  can  be 
seen,  considerable  variations  in  both  temperature  and 
intensity  take  place. 

The  correlation  between  intensity  and  temperature 
for  the  OH  emission  has  been  the  subject  of  many 
papers  and  widely  different  and  seemingly  opposing 
results  have  been  reported,  i.e.  both  positive,  negative 
and  no  correlation  (Takahashi  et  aL  1974.  1977  , 
Misawa  and  Takeuchi,  1978,  Visconti  et  at.,  1 97 1 . 
Harnson  et  at..  1971 ,  Shefov,  1970;  Takeuchi  et  at., 
1981). 

The  400  h  of  data,  presented  in  Fig.  2.  cover  an 
equivalent  time  period  of  about  50  nights  of 


observations  at  mid-  and  low  latitudes,  assuming  5  h  as 
a  typical  observing  night.  Choosing  separate  S-h 
periods  corresponding  to  10-15  nights  we  are  able  to 
produce  both  positive,  slightly  negative  and  insignifi¬ 
cant  correlation  between  temperature  and  intensity 
Consideration  only  of  the  data  between  25  December 
1300  I  T  and  27  December  0700  U  T  ,  altogether  39 
points,  results  in  a  correlation  coefficient  of  0.81  On 
the  other  hand,  the  data  from  26  December  1600  L  T 
to  27  December  2200  U  T..  consisting  of  30  points, 
gives  a  negative  correlation,  i.e.  -0  09  The  negative 
correlation  is  not  significant.  Figure  3  shows  an 
intensity-temperature  plot  in  the  case  of  a  correlation 
coefficient  of  0.81  The  above  analyses  were  also 
performed  using  30- mm  integrated  spectra,  thus 
providing  twice  the  number  of  points,  i.e.  '8  and  60 
respectively.  The  result  was  not  significantly  different. 

For  limited  time  intervals,  typically  less  than  12  h.  a 
higher  correlation  coefficient  could  sometimes  be 
obtained  by  shifting  the  intensity  and  temperature 
curves  relative  to  each  other.  Whether  this  indicates  a 
real  phase  shift  between  intensity  and  temperature,  as 
reported  by  some  authors  iNoxon.  1978 .  Takahashi  et 
at..  1979)  is  difficult  to  justify  because  applying  the  same 
time  shift,  in  other  cases  results  m  the  opposite  effect,  i.e. 
lowers  the  correlation  coefficient. 

Mechanisms,  such  as  horizontal  transport,  vertical 
transport,  turbulent  mixing  diffusion,  tides  and  gravity 
waves  act  differently  on  the  temperature  and  the 
intensity.  We  believe  that  the  rather  confusing  patterns 
observed  in  both  intensity  and  temperature,  resulting  in 
positive,  negative  and  insignificant  correlation,  and 
sometimes  all  three  possibilities  within  a  24-h  period, 
only  reflect  the  dynamical  and  chemical  complexity  of 
the  OH-emitting  region.  From  data  so  far  collected. 


TIME  (HOUR,  DAY) 


Fig.  2.  l-h  a veragesof  the  OH  (8-3)  band  intensity  and  rotational  temperate  re  as  obtained  each  hour 
DC  RING  A  3-DAY  PERIOD  IN  1982- 
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Fig.  3  OH  (8— 3>  band  intensity -temperature  plot  using 
THE  MEASUREMENTS  BETWEEN  25  DECEMBER  I  300  L'  T  TO  27 
December  0700  L  T  1982  isee  Fig.  2) 

The  bcst-rii  linear  relationship  is  indicated  by  the  least  square 
regression  analysis  line.  The  slope  is  1 1.2  R  K. 

it  seems  that  transport  and  wave  phenomena  are 
dominant  factors  tn  the  overall  behavior  of  the  OH 
emitting  layer  in  polar  regions. 

3.5.  Tidal  components 

In  a  previous  paper  Myrabo  U983)  reported  the 
presence  of  a  semidiurnal  tide  in  the  December  1982 
temperature  data  by  applying  a  superimposed  epoch 
analysis  of  19  consecutive  days.  A  diurnal  tide  com¬ 
ponent  was  not  evident. 

Using  Fourier  analysis  of  the  intensity  data  covering 
the  same  time  interval,  a  dominant  power  peak  around 
12  h  is  found  with  far  less  power  around  24  h.  According 
to  a  model  calculation  by  Forbes  ( 1982)  one  should 
expect  the  diurnal  tide  mode  to  be  dominant  at  high 
latitudes  and  polar  regions.  Spizzichino  (1969)  and 
Teiteibaum  and  Blamont  (1975)  have  argued  that 
random  interaction  with  gravity  waves  has  more 
important  affect  on  the  first  diurnal  mode  than  on  the 
second.  Thus,  the  effect  of  averaging  over  a  period  of  19 
days  could  be  to  cancel  out  the  diurnal  mode.  To  check 
this  we  have  applied  Fourier  analysis  to  the  three 
consecutive  days  of  intensity  data  shown  m  Fig.  2.  As 
seen  from  the  result  presented  in  Fig.  4.  the  semidiurnal 
tide  mode  is  again  the  dominant  mode.  The  energy  seen 
around  4-5  h  and  around  3  h  are  on  the  limit  of  what  is 
significant,  and  may  partly  be  due  to  side  lobes 
appearing  from  the  Fourier  analysis  and  noise  in  the 
intensity  data. 

The  finding  of  the  semidiurnal  tide  mode  also  to 
dominate  on  a  time  scale  as  short  as  3  days  may  be 
interpreted  to  be  due  to  a  very  high  occurrence 
frequency  of  gravity  waves  effectively  interacting  with 
the  diurnal  tide  mode  but  not  with  the  semidiurnal.  The 
dominance  of  the  semidiurnal  tide  in  the  intensity  data 
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also  confirms  our  previous  result  using  the  temperature 
dataiMyrabe.  1983). 

4.  SUMMARY 

Ground-based  observations  of  atmospheric  OH 
emission  intensity  and  temperature  have  been  earned 
out  at  785N  during  December  and  January  1982  83. 
The  results  from  the  analysis  of  the  temperature  data  is 
reported  elsewhere  (Myrabo.  1983) 

A  mean  value  of 425  r  40  R  is  found  for  the  absolute 
intensity  of  the  OH  (8-3)  band.  Maximum  and 
minimum  daily  mean  values  were  770  and  320  R 
respectively,  while  the  hourly  mean  valnes  ranged  from 
180  to  1020  R. 

The  daily  main  values  of  the  intensity  show  large 
amplitude  variations  qualitatively  very  similar  to  those 
found  in  the  OI  5577  A  airglow  emission  in  polar  cap 
regions  (Mullen  et  ai.  1977).  There  is,  however,  no 
obvious  minimum  or  maximum  seen  within  the  I 
month-long  period  covered  around  solstice  as  there 
was  for  the  OI  5577  A  airglow  emission  (Mullen  et  ai. 
1977).  A  broad  minimum  or  maximum  cannot  be  ruled 
out,  however  the  relatively  low  mean  value  of  425  i  40  R 
rather  indicates  a  minimum  than  a  maximum  The  lack 
of  production  of  O  by  photodissociation  of  0;  in  the 
polar  cap  region  during  the  polar  night  also  suggest  a 
minimum.  The  flux  of  O  and  O,  necessary  to  keep  the 
OH  emission  at  the  observed  level  indicates  a 
meridional  transport  corresponding  to  a  wind  speed  of 
at  least  20  ms'1  at  90  km  height.  However,  vertical 
transport  induced  by  gravity  waves  and  mixing  would 
lower  the  necessary  wind  speed  considerably 

The  daily  mean  OH  emission  intensity  and 
temperature  Si.ow  no  evidence  of  any  consistent 
correlation  with  geomagnetic  or  solar  activity 
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A  dominant  semidiurnal  tide  component  in  the  OH 
intensity  is  found  and  strongly  confirms  the  previous 
finding  of  the  same  variation  in  the  temperature  data 
(Myrabo,  1983).  Even  on  a  timescale  of  three  days,  the 
semidiurnal  component  is  dominant.  The  power 
spectra  appearing  from  Fourier  analysis  barely  reveal* 
any  peak  around  24  h,  i.e.  the  diurnal  component. 

From  the  OH  data  gathered  so  far,  it  seems  that 
transport  and  wave  phenomena  are  the  dominant 
mechanisms  defining  the  behavior  of  both  OH  intensity 
and  temperature.  Further  airglow  observations  are 
necessary  to  understand  the  complex  mesopause 
region  dynamics  and  photochemistry  in  the  polar 
regions. 
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Abstract.  The  O2  atmospheric  (0-1)  band  at 
8645  A  has  been  observed  in  the  alrglow  during 
the  1982/L983  winter  solstice  from  the  ground  at 
Longyearbyan,  West  Spitsbergen  (78.4*N  latitude, 
15*E  longitude,  geographic).  The  average  (0-1) 
band  intensity  for  the  continuous  18-hour  period  of 
the  observations  is  found  to  be  445  R  i  40  R.  The 
mean  temperature  deduced  from  the  02  (0-1)  atmos¬ 
pheric  band  rotational  structure  is  found  to  be 
254  K  t  3  K  compared  to  a  mean  of  249  K  t  2  K  for 
Che  OH  (8-3)  band  rotational  temperature.  This 
indicates  a  shallow  mesopause  with  an  upper  temper¬ 
ature  gradient  of  -  l  K/ka.  Comparison  with  pre¬ 
vious  observations  shows  little  or  no  latitude 
dependence,  although  there  is  considerable  scatter 
in  the  data  indicating  that  the  O2  airglow  is 
highly  variable  in  time  of  the  order  of  hours  or 
less . 

Introduction 

The  0j  (b*£*  “  atmospheric  band  system 

was  discovered  in  the8nighc  airglow  by  Meinel 
l 1950 1  who  observed  the  (0-i)  band  emission  at  8645 
A.  Morphology,  diurnal  and  seasonal  intensity 
variations  were  extensively  studied  by  Berthier 
(1956)  from  Haute-Provence  (43.9°N,  geographic) 
using  photographic  techniques.  Early  absolute  in¬ 
tensity  measurements  were  reported  by  Barbier 
(1956)  and  Dufay  (1958).  Mean  values  of  2000  R  and 
1500  R  were  given  for  the  (0-1)  band.  Later 
ground-based  measurements  have  showed  significantly 
lower  values,  giving  mean  intensities  in  the  range 
400-500  R  for  the  (0-1)  band  [Berg  and  Shefov, 

1962;  Broadfoot  and  Kendall,  1968;  Wallace  and 
Huntea,  1968;  Shefov,  1971). 

The  (0-0)  band  is  not  observed  from  the  ground 
due  to  absorption  by  O2  in  the  lower  atmosphere. 
Observations  of  the  volume  emission  rate  as  a 
function  of  altitude  have  been  made  from  rockets 
[Packer,  1961;  Tarasova,  1963;  Witt  et  al.,  1979; 

er  •!  ,  19-1).  The  altitudes  of  the 
maximum  emission  from  these  measurements  of  the 
(0-0)  band  center  about  94  t  3  km  except  for  the 
results  reported  by  Tarasova  (1963)  who  found  a 
profile  maximum  at  80  km. 

Before  the  rocket  measurements,  the  (0-0)  band 
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emission  intensity  was  estimated  using  the  (0-i.) 
band  and  a  Franck-Condon  factor.  Fraser  et  al. 
[1954]  predicted  a  ratio  of  21  for  the  intensity 
ratio  between  the  (0-0)  and  (0-1)  bands,  ignoring 
any  possible  variation  in  the  electronic  transi¬ 
tion  moment.  Laboratory  measurements  by  Noxon 
[1961]  gave  a  value  of  20  i  4  while  Nlcholls 
(1965)  reported  a  factor  of  20.  A  measured 
intensity  ratio  for  the  (0-0)  to  (0-L)  bands  w at. 
found  to  be  17  t  2  by  Wallace  and  Hunten  [L968J 
using  dayglow  measurements.  A  value  close  to  20 
has  thus  been  commonly  accepted  [Greer  et  al., 
1981). 

Observations  of  O2  atmospheric  band  airglow 
cover  a  wide  range  of  latitudes,  but  both  the 
ground-based  and  rocket  measurements  have  been 
made  at  less  than  60°  except  one  recent  rocket 
experiment  by  Witt  et  al.  ( 1979]  at  68°N.  It 
has  been  suggested  [Deans  et  al.,  1976;  Feldmann, 
1978)  that  the  atomic  oxygen  concentration  and 
thus  the  night  airglow  atmospheric  band  emission 
would  decrease  toward  high  latitudes.  This  has 
been  contradicted  by  Witt  et  al .  [1979] ,  who 
found  a  relatively  high  O2  (0-0)  band  night 
airglow  emission  at  68°N. 

A  low  value  of  the  odd  oxygen  concentration  at 
95-100  km  height  should  result  in  a  very  Low 
5577  A  green  line  night  airglow  and  a  Low  03 
atmospheric  band  emission.  A  minimum  (100  R)  for 
the  5577  A  green  line  night  airgiow  during 
winter  solstice  in  the  polar  cap  region  is  re¬ 
ported  by  Mullen  et  al.  (1977)  and  by  Ismail  and 
Cogger  [1982].  O2  atmospheric  band  night  airglow 
observations  have  not  been  reported  from  the  polar 
cap  region.  It  is  the  purpose  of  this  paper  to 
report  recently  obtained  spectrophotometr ic  night 
airglow  measurements  of  the  (0-1)  band  at  78.‘*°N 
during  winter  solstice. 

Observations  and  Data  Reduction 

The  spectra  used  in  this  work  were  part  of 
measurements  made  during  the  1982/ 1983  campaign 
of  Che  Multi-National  Svalbard  Auroral  Expedition 
(Deehr  et  al.,  1980]  close  to  Longyearbyen  on 
West  Spitsbergen  (78.49N  latitude,  L5°E  longitude- 
geographic) . 

Night  airglow  OH  emission  features  are  normal¬ 
ly  predominant  in  the  near-infrared  spectral 
region  in  the  polar  cap  [Gault  et  al.,  1981; 

Myrabd  et  al.,  1983).  The  aurora  in  the  polar 
cap  is  usual'! y  at  a  high  altitude,  and  emits  mainly 
atomic  lines  [Sivjee  and  Deehr,  1980).  Thus,  a 
high-responsivlty  auroral  spectro-photometer  may 
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?lg.  1.  An  alrglow  spectrum  including  the  spec¬ 
tral  region  from  7830  to  8800  A  obtained  during 
a  12-min  Integration  of  12-s  scans  at  Longyearbyen. 
A  pressure-broadened  sodium  line  scattered  from 
Longyearbyen  during  overcast  and  very  hazy  weather  is 
indicated.  The  1/2-tn  spectrophotometer  with  a 
bandwidth  of  7  A  was  used  to  record  the  spectrum 
which  is  uncorrected  for  instrumental  response. 

be  used  to  measure  the  night  alrglow  features 
clearly  resolved  from  auroral  emissions.  Figure 
1  shows  an  example  of  a  spectrum  which  Includes 
the  7800  to  8800  A  region.  The  bandwidth  was 
approximately  7  A  and  the  OH  and  O2  emissions 
are  indicated. 

At  the  Longyearbyen  observatory,  1-m  and  1/2-m 
high-throughput  Ebert-Fastle  spectrophotometers 
operate  in  a  photon-counting  mode  and  are  coupled 
to  an  on-line  digital  data  processing  system. 

The  coaligned,  steerable  instruments  are  described 
by  Dick  et  al.  [1970]  and  Sivjee  et  al.  [1972]. 

During  an  18-hour  period  of  clear  weather 
(1900  UT,  January  11,  to  1300  UT,  January  12, 

1983),  the  spectrophotometers  were  pointing 
toward  the  zenith  and  the  spectral  regions  7280- 
7410  A  and  8580-8830  A  covering  the  OH  (8-3) 
band  and  the  O2  (0-1)  atmospheric  band  were 
recorded.  The  OH  (8-3)  and  O2  (0-1)  atmospheric 
band  were  scanned  in  32  and  12  s,  respectively, 
with  the  1-m  and  1/2-tn  Ebert-Fastie  spectrometer 
Instruments  at  a  spectral  resolution  of  1.5  and 
2.5  A,,  respectively.  Each  scan  was  recorded  on 
tape  and  spectra  were  obtained  each  30  min  for  OH 
aad  each  hour  for  by  summing  individual  scans. 
Examples  of  the  OH  (8-3)  band  spectrum  are  given  by 
HyT«bd  [1984].  Figure  2  shows  an  example  of  a 
1-hour  integration  of  the  O2  (0-1)  atmospheric 
bands  at  a  resolution  of  2.5  A. 

Absolute  Intensity  calibration  was  performed 
In  the  field  using  a  standard  lamp  and  a  diffus¬ 
ing  screen.  The  OH  rotational  temperature  has 
been  calculated  using  the  relative  intensities  PX 
(2),  ?i  (3),  Px  (4)  and  Px  (5)  lines  and  Kvlfte’s 
•ethod  [Kvlfte,  1959].  The  O2  (0-1)  atmospheric 
band  temperature  was  estimated  by  comparing  with 
synthetic  spectra  (Henriksen  et  al.,  unpublished 
•anuscript  1983) . 

Probable  error  in  the  rotational  temperatures 
calculated  from  relative  intensity  ratios  is 
«stimated  to  be  ±  10  K.  The  error  in  the  absolute 
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intensities  is  approximately  20?,  mainly  due  to 
calibration  uncertainty. 

The  incidence  of  aurora  was  monitored  by  the 
intensity  of  the  7320/30  A  0  II  lines,  the  N  I 
lines  and  the  N2  1  P  (2,1)  band.  The  measurements 
reported  were  obtained  during  a  period  devoid  of 
aurora  except  around  0700  ITT  in  the  morning  of 
January  12.  The  relative  contribution  from  auror- 
ally  excited  O2  (0-1)  emission  could  thus  be 
estimated  together  wich  intensities  of  other  auror¬ 
al  lines  and  bands-  It  was  observed  that  an 
increase  of  the  0£  (0-1)  band  of  20?  to  33? 
corresponded  to  a  simultaneous  Increase  of  the 
7320/30  A  lines  by  more  than  a  factor  of  5. 

Thus,  the  observed  intensity  of  the  7320/30  A 
[0  II]  emission  served  as  a  monitor  of  auroral 
activity  and  an  auroral  contribution  to  the 
(0-1)  band  of  less  than  1?  could  easily  be  de¬ 
tected.  The  Intensity  measurements  of  the  O2 
(0-1)  band  around  0700  UT  have  been  excluded  from 
the  data  in  order  to  insure  that  the  intensity 
and  temperature  data  used  here  contain  no  auroral 
components . 

Results  and  Discussion 

Absolute  Intensity  of  0?  Atmospheric 
Bands  (0,0)  and  (0,1) 

Absolute  intensity  measurements  of  the  O2 
atmospheric  (0,1)  band  taken  during  a  continuous 
18-hour  period  in  January  1983  at  78°  are  shown 
in  Figure  3.  The  mean  intensity  during  the 
observational  period  is  445  R  l  40  R.  The  data 
have  not  been  corrected  for  atmospheric  extinc¬ 
tion.  The  OH  (8-3)  band  Intensity  is  given  in 
Figure  3  for  comparison.  Both  the  O2  and  OH 
emission  intensities  tend  to  Increase  during  the 
observing  period.  The  mean  OH  (8-3)  band  emis¬ 
sion  intensity  during  this  18-hour  observing 
period  was  518  R.  This  may  be  compared  with  a 
mean  of  425  R  found  for  the  whole  1982/1983  obaerv- 


Fig.  2.  An  alrglow  emission  spectrum  typical  of 
the  O2  (0-1)  atmospheric  band  spectra  used  in  the 
intensity  and  temperature  calculations.  The 
spectrum  was  obtained  from  a  1/2-m  Ebert-Fastle 
spectrometer  with  a  bandwidth  of  2.5  A  by  summing 
Individual  12-s  scans  for  one  hour.  The  location 
of  auroral  lines  and  bands  is  indicated. 
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ing  season  [Myrabd  and  Deehr,  1984].  Thus,  the 
mean  value  for  this  18-hour  period  was  approxi¬ 
mately  25Z  higher  chan  the  seasonal  mean. 

A  search  for  other  ground-based  observations, 
unfortunately,  yields  very  few  recent  measurements 
giving  absolute  intensities.  Measurements  by 
Mlsawa  and  Takeuchl  [1978],  Misawa  et  al.  [1980] 
and  Takeuchl  et  al.  [1981]  are  all  in  arbitrary 
units.  Ground-based  absolute  measurements  avail¬ 
able  for  comparison  after  1960  are  by  Berg  and 
Shefov  [1962],  Broadfoot  and  Kendall  [1968]  and 
Shefov  [1971].  Absolute  emission  intensities  of 
the  (0-1)  band  were  also  estimated  by  Wallace  and 
Hunten  [1968]  and  by  Evans  and  Llewellyn  [1970] 
using  Broadfoot  and  Kendall's  spectrum. 

From  the  above  measurements,  we  have  calcu¬ 
lated  the  expected  (0-0)  band  emission  intensi¬ 
ties  by  applying  a  Fraock-Condon  factor  of  20. 

The  resulting  ground-based  calculated  (0-0)  band 
intensities  are  plotted  versus  latitude  in  Figure 
4  together  with  available  absolute  measurements 
of  the  (O'M))  band  emission  Intensity  as  obtained 
from  rocket  flights.  The  values  calculated  from 
ground-based  observations  are  marked  with  a  G, 
while  the  rocket  measurements  are  marked  with  an 
R.  The  rocket  measurements  are  those  by  Packer 
[1961],  Megill  et  al.  [1970],  Witt  et  al.  [1979] 
and  Deans  et  al.  [1976]. 

Although  there  seems  to  be  little  or  no  varia¬ 
tion  with  latitude,  the  (0-0)  intensities  calcu¬ 
lated  from  the  time-averaged  ground-based  obser¬ 
vations  of  the  (0-1)  band  show  a  small  scatter 
(20Z)  at  about  twice  the  value  of  the  rocket 
observations,  although  the  latter  are  much  more 
scattered.  Correction  for  extinction  and  re- 
emittance  of  self-absorbed  (0-0)  band  emission  is 
not  included  in  the  ground-based  calculations  The 
extinction  should  be  about  10Z  for  the  appropri¬ 
ate  wavelength  region  [Allen,  1963],  while  the 
correction  due  to  reemittance  is  found  to  be 
about  10X  [Wallace  and  Hunten,  1968] .  These 
effects  should,  therefore,  cancel  out- 

The  scatter  in  the  rocket  data  may  be  ex¬ 
plained  as  a  result  of  the  short  time  interval  of 
each  measurement  of  the  highly  variable  airglow 
compared  to  the  time-averaged  ground-based  data. 


Fig.  3.  The  hourly  and  half-hourly  mean  zenith 
intensities,  at  Longyearbyen  of  the  O2  (0-1) 
atmospheric  band  and  OH  (8-3)  intensities  plotted 
as  a  function  of  UT  for  January  11/12,  1983. 
Straight  lines  are  drawn  between  each  mean  and 
missing  data  are  indicated  by  a  dashed  line. 
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Fig.  4.  O2  (0-0)  atmospheric  band  intensity  ver¬ 
sus  latitude.  G  signifies  the  intensity  calcu¬ 
lated  from  ground-based  observations  of  the  (0-1) 
band  using  a  Franck-Condon  factor  of  20  and  R 
signifies  rocket-borne  observations  of  the  (0-0) 
band . 


(See  Figure  3,  or  Noxon  [1978],  aod  Weinstock 
[1978]).  A  mean  value  of  4.1  kR  with  a  standard 
deviation  of  2.7  is  found  for  the  rocket  measure¬ 
ments  while  the  ground-based  estimates  have  a 
mean  value  of  8.4  with  a  standard  deviation  of  1.1. 
It  should  be  mentioned  that  absolute  measurements 
from  the  ground  of  the  (0-1)  band  prior  to  1960 
have  been  excluded  from  these  data  as  It  is  felt 
that  they  may  contain  a  systematic  calibration 
error  (Barbier  [1956],  2000  R;  Dufay  [1958],  1500  R) 
compared  to  later  results  (see  Figures  4  and  5). 

The  value  of  2000  R  by  Barbier  [1956]  and  1500  R  by 
Dufay  [1956]  would  only  compound  the  discrepancy 
between  the  rocket  and  ground-based  observations. 

A  rocket  experiment  to  observe  both  the  (0-0)  and 
(0-1)  bands  has  been  carried  out  (F.  R.  Harris, 
personal  communication,  1983)  and  preliminary 
results  using  the  generally  accepted  Franck-Condon 
factor  of  17  to  22  indicate  that  the  differences 
between  the  ground-based  and  rocket  data  may  be 
reconciled  and  much  higher  intensities  can  occur 
on  a  time  scale  less  chan  that  of  the  ciae-averaged 
ground-based  data. 

0?  (0-1)  Atmospheric  Band  and  OH  (8-3) 

Band  Rotational  Temperatures 

Temperatures  deduced  from  the  O2  (0-1)  atmo¬ 
spheric  band  rotational  structure  and  the  OH 
(8-3)  band  lines,  are  shown  in  Figure  5. 

These  are  i-hour  and  30-min  averages  for  the 
18-hour  period  in  the  same  manner  as  for  the  in¬ 
tensity  data.  The  overall  temperature  difference 
between  the  O2  and  OH  band  temperatures  is  seen  to 
be  small  and  mean  values  of  254  K  t  3  K  and 
249  K  i  2  K  are  found  for  the  respective  emissions. 
The  two  temperatures  may  also  be  seen  to  follow  a 
similar  trend,  which  is  reasonable  since  they 
originate  in  the  same  atmospheric  height  domain; 
the  OH  intensity  maximum  is  usually  found  3-8  km 
lower  than  the  O2  emission  [Moreels  et  al., 

1977;  Witt  et  al.,  1979;  Watanabe  et  al.,  1981]. 
Although  considerable  variation  in  both  the  O2 
and  the  OH  temperature  takes  place  during  the  ob¬ 
serving  period,  an  wavelike  pattern  that  could  be 
attributed  to  gravity  wave  effects  as  found  by 
Noxon  [1978]  is  seen  in  this  particular  dat-a 
collection.  The  variations  in  both  the  O2  and  OH 
temperatures  may  rather  be  interpreted  as  being 
due  to  transport  and  mixing  phenomena  which  seem 
to  govern  the  dynamical  behavior  of  the  polar 
winter  atmosphere  at  mesopause  height  [Myrab^, 

1984;  Myrabd  and  Deehr,  1984]. 
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Fig.  5.  The  hourly  and  half-hourly  mean  tempera¬ 
tures  from  che  R  and  P  branches  of  che  O2  atmo¬ 
spheric  (0-1)  bands  and  the  OH  (83)  band  lines 
observed  in  che  zenich  atrglow  at  Longyearbyen  on 
January  11/12,  1983.  Straighc  lines  are  dravn 
between  each  half-hourly  and  hourly  value,  respec¬ 
tively. 


Assuming  a  reasonable  difference  in  the  peak, 
height  of  the  O2  atmospheric  emissions  and  the  OH 
(83)  band  of  5-6  km,  the  mean  temperature  differ¬ 
ence  AT  of  5  K  gives  a  positive  temperature  gradi¬ 
ent  of  1  K/km  for  the  90  to  95-km  region.  This 
confirms  previous  findings  of  a  shallow  polar 
mesopause  with  a  relatively  small  positive  tempera¬ 
ture  gradient  in  the  90  to  95-km  region  [Myrabd, 

1984)  for  winter  solstice  conditions. 

Summary 

The  (0-1)  atmospheric  bands  In  the  night 
airglow  have  been  observed  from  Longyearbyen 
(78°N)  during  winter  solstice  conditions  using 
spectrophotometric  equipment.  The  observations 
reported  here  were  confined  to  an  18-hour  contin¬ 
uous  clear-weather  observing  period  from  1900  UT, 
January  11,  to  1300  UT,  January  12,  1983.  The  raw 
data  were  recorded  with  a  spectral  resolution  of 
2.5  A,  which  resolved  the  rotational  structure 
of  the  P  branch  of  the  03  (0-1)  atmospheric  band. 

A  mean  O2  (0-1)  atmospheric  band  intensity  of 
445  ±  40  R,  ranging  from  350  R  to  5^3  R,  is  found. 
The  mean  temperature  deduced  from  che  O2  (0-1) 
atmospheric  band  rotational  structure  is  254  K  ±  3  K 
compared  to  a  mean  of  249  K  1  2  K  for  simultaneous 
measured  OH  (8-3)  baad  rotational  temperature. 

The  mean  temperature  difference  between  the  O2 
(0-1)  atmospheric  band  and  che  OH  (8-3)  band 
yields  a  positive  temperature  gradient  for  che 
90  to  95-km  region  of  1  K/km,  assuming  a  reasonable 
height  difference  between  the  two  emissions  of  5-6 
km. 

All  available  time-averaged  ground-based  ob¬ 
servations  of  the  (0,1)  band  Intensity  were  used 
to  calculate  the  intensity  of  the  (0,0)  band. 

These  data  were  plotted  together  with  available 
rocket  observations  of  the  (0,0)  band  as  a  func¬ 
tion  of  latitude.  No  latitude  dependence  was 
observed,  and  although  the  rocket  data  were  half 
the  intensity  of  the  ground  data  on  the  average, 
the  scatter  was  considerably  larger.  This  Indi¬ 
cates  that  a  further  correction  to  the  ground- 
based  or  the  rocket  data  may  be  necessary  and 
that  the  O2  airglow  is  highly  variable  on  a  time 
scale  of  hours. 
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Abac fact.  Absolute  intensities  of  the  Os  (0-1) 
atmospheric  band  night  airglow  emission  have 
been  observed  from  near  Longyearbyen  on  West 
Spitsbergen  C  T 8. *i *S  latitude,  13*E  longitude, 
geographic)  during  a  2-aonth  period  around  winter 
solstice  (1982-1987).  Intensities  ranging  from 
1 10  R  to  1590  R  with  a  mean  of  570  R  -  $0  R  are 
observed.  There  Is  no  clear  maxiraua  or  minimum 
around  solstice.  A  semidiurnal  tide  component 
giving  rise  to  a  25—30*  intensity  variation  of 
the  >2  (0-1)  atmospheric  emission  is  present  In 
the  data.  The  maximum  and  minlaum  are  found  to 
occur  at  about  0400  and  1000  local  time,  respec¬ 
tively-  No  diurnal  tide  component  larger  than 
t3-4?  Is  present  In  the  daca.  The  day-to-day 
and  short  tine  variations  both  show  a  quasi- 
regular  wave  pattern  which  aav  be  associated 
with  gravity  waves. 

1.  Introduction 

Night  airglow  observations  provide  a  powerful 
and  relatively  simple  means  of  studying  the 
dynamics  and  chemistry  of  the  upper  acaosphere. 
Ground-based  observations  are  important  for  study¬ 
ing  smailer-scale  dynaoical  phenomena  because 
rocket  measurements  only  give  a  snapshot  In  time 
and  satellite  measurements  are  usually  integrated 
over  a  large  area  at  widely  spaced  r ime  Intervals. 

Ground-based  nignt  airglow  observations  In  the 
poLar  regions  are  very  sparse  compared  to  lower 
latitudes.  This  is  also  the  case  for  rocket 
measurements.  In  some  recent  papers  by  Myrabd 
et  al*  (1983,  1 984a I,  Myrabd  [1984]  and  Myrabd 
and  Deehr  (1984],  ground-based  measurements  of 
toe  OH  night  airglow  have  been  reported.  OH 
emissions  originate  In  the  85-90  km  region  (l.e., 
near  the  aesopause).  Measurements  of  the  -OI] 

3577  A  line  in  the  lower  thermosphere  (l.e.,  -100 
<m>  have  been  reported  by  Sandford  ( 1984] ,  Mullen 
et  al*  l  197  7  ]  and  Ismail  and  logger  ('.982].  No 
high- Lac  1 tude ,  ground-based  observations  of  the 
night  alrgLow  (0“1)  atmospheric  band  near  '95 
km  altitude  (Deans  et  al.,  lq76;  Witt  et  al., 

1979]  have  been  published,  except  for  a  brief 
report  by  Myrabd  et  al.  [1984b]. 

The  02  (9-1)  atmospheric  band  is  normaLLy 
found  to  follow  the  intensity  variations  of  the  . 
(OIJ  5577  1  line  'Dufay,  1959],  and  should  there- 


Copyright  l^Sb  by  the  American  Geophysical  Union. 


fore  give  an  inaependenc  measure  of  odd  oxygen 
variations  in  the  90-101*  region,  which  probab¬ 
ly  reflects  the  chemical  and  dynamical  behavior 
of  the  very  lowest  part  of  the  thermosphere. 
Measurements  of  the  in  (3-i)  atmospheric  band 
emission  may  also  contribute  to  the  understanding 
of  uncertainties  In  the  chemical  reactions  In¬ 
volved  in  the  atonic  and  molecular  oxygen  emission 
in  the  night  airglow  (Wralght,  1982;  3aces.  1978; 
Greer  et  al.  ,  1981;  Ismail  and  Cogger,  .982 ]• 

The  purpose  of  this  paper  Is  to  report  and 
discuss  recent  observations  or  the  ;;  (  : —  1 > 
atmospheric  band  night  airglow  emission.  These 
observations  were  made  near  Longyearbyen,  Svalbard 
at  78 Vi  during  38  aaye  around  che  1982  winter 
solstice. 

2.  Observations  and  Daca  Reduction 

During  che  1982/1983  Multi-National  Svaibara 
Auroral  Expedition  (MNSAE)  [Deehr  et  ai.,  .980’, 
emission  spectra  of  che  zenith  sky,  containing 
the  O2  O-l)  atmospheric  band  emission,  were 
taken  near  Longyearbyen  on  West  Spitsbergen 
( '8.WN  latitude,  !5®E  longitude,  geograpnic;. 

From  the  end  of  November  1982  throughout  January 
1983,  a  1/2  a  Ebert-Fastie  spectrophotometer  was 
used  to  obtain  che  spectra.  Some  Important 
parameters  for  che  Instrument  Is  given  in  Table 
l.  For  further  reference,  a  simular  l-m  instru¬ 
ment  is  described  more  fully  in  the  papers  by 
Sivjee  et  al.  (1972]  and  Romlck  [1978].  The 
spectral  region  from  8340  to  3870  £  was  scanned 
during  12  s  with  a  bandwidth  of  7  S,  except  for 
a  brief  18-hour  period  when  the  8580-3330  5  region 
was  recorded  with  a  1.5  A  bandwidth.  The  purpose 
of  the  htgh-resolutlon  recordings  was  mainly  cc 
get  an  accurate  rotational  temperature  for  the 
95-ka  level  for  comparison  and  checx  with  ^H- 
obtained  temperatures.  A  brief  report  or,  this 
has  been  given  by  Myrabe  et  al.  : i98«*b].  For  the 
7  £  resolution  daca,  spectra  were  obtained  by 
averaging  150  individual  scans  yielding  one  spec¬ 
trum  every  30  min. 

Figure  1  gives  an  example  of  two  30-aln  spec- 
cra,  one  during  quiet  geomagnetic  conditions  and 
one  during  auroral  activity  with  relatively 
strong  molecular  emissions.  The  difference 
between  the  spectra  is  the  presence  of  auroral 
emissions  in  the  bottom  panel.  Most  prominent 
among  these  are  the  01  84«h  S  line,  the  N; ! ? 
band,  the  slightly  enhanced  O2  (Vi)  atmospheric 
band  and  the  strongest  lines  of  the  N!  Os'*? 

r  tltipiec . 

Dne  of  the  main  problems  with  measu-lrsg  night 
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TABLE  Characteristics  ai  Spectrometer 


Component 

Decatl 

Type  of  spectrometer 

1/2  0  Ebert-rastle 

Field  of  view 

6'  x  6* 

!  zTiz: 

Dark  count  race 

1-3  count/s 

Entrance/ exit  slit  height 

65  mm 

Speccral  dispersion 

(currenc  experiment) 

la  A/ mm 

Speccral  sensitivity 
(with  7  A  resolution 

and  current  experiment) 

-15  R/count  at  8600  A 

Detector  type 

'Hamamatsu  R943-02  Ga 
As.  Cube 

airgiow  features  in  auroral  regions  is  che  con¬ 
tamination  by  aurora*  If  the  emissions  are  not 
excited  by  auroral  particle  bombardment,  overly¬ 
ing  auroral  features  may  normally  be  filtered  out 
or  accounted  for  if  a  high  enough  spectral  reso¬ 
lution  is  used.  If  the  airgiow  emission  also 
occurs  in  the  aurora,  as  is  the  case  for  che  [01] 
5577  1  line  and  che  On  (0-1)  atmospheric  band, 
there  is  no  direct  way  of  knowing  If  the  photons 
originate  in  che  aurora  or  airgiow.  A  simulta¬ 
neous  monitoring  of  pure  auroral  features,  such 
as  che  3914  or  4278  A  n}  1S1C  band,  could  be 
used  to  select  time  periods  devoid  of  auroral 
emission  features.  This  method  was  used  by 
Mullen  et  al.  [1977]  and  Ismail  and  Cogger  [1982J 
to  isolate  che  night  airgiow  component  of  the 
lOi]  5577  A  line.  Tne  problem  of  establishing  a 
threshold  intensity  for  auroral  incidence  is 
alleviated  by  using  a  spectrophotometer  with  a 
sufficient  resolution  to  record  the  night  airgiow 
and  che  auroral  reference  emissions  in  the  same 
spectra.  At  very  high  latitudes,  atomic  lines 
dominate  the  auroral  spectrum  for  most  of  the 
time  ( Sivjee  and  Deehr,  1980;  Gault  ec  al. ,  1981; 
Myrabd  and  Deehr,  1984].  This  makes  che  night 
airgiow  component  of  the  02  (0-1)  atmospheric 
band  much  easier  to  isolate  and  far  less  sensi¬ 
tive  to  auroral  emission  chan  che  [01]  5577  A 
line. 

The  speccral  region  shown  in  Figure  I  includes 
Che  01  8446  auroral  line  as  an  auroral  reference 
emission  in  addition  Co  the  O2  (0-1)  band.  An 
auroral  component  La  the  atm  band  of  2-3*  Ls 
indicated  by  the  01  3446  Line  rising  high  above 
che  OH  lines,  by  a  factor  of  2  or  more.  For 
calculating  che  absolute  intensities  of  che  Oi 
(0-1)  atmospheric  band,  we  have  thus  only  select¬ 
ed  spectra  with  no  auroral  emissions  and  only 
during  clear  and  stable  weather  conditions. 
Weather  conditions  were  checked  visually  by 
viewing  standard  stellar  sequences.  The  result¬ 
ing  daily  distribution  of  che  spectra  is  depicted 
in  Figure  2. 

Absolute  calibration  of  che  spectra  were 
carried  out  in  the  field  using  a  standard  source. 
The  absolute  intensities  were  calculated  by  using 
the  area  under  che  band  emission  and  represent 
only  che  night  airgiow  component  of  the  0;  (9-1) 
atmospheric  band.  The  uncertainty  in  the  band 
intensity  measured  from  each  30~min  spectrum  is 
estimated  to  be  25T,  mainly  due  to  calibration 


uncertainties.  The  relative  .nee rtair.cv  ja,»  :  •• 
photon  noise  and  reading  off  each  band  incensitv 
is  less  than  ?*. 

3.  Results  and  Discussion 
3.1.  Short  Time  Variations 

The  typical  short  time  pattern  of  tne  intensi¬ 
ty  variations  of  the  (0-1)  band  emission  is 
somewhat  similar  to  that  found  for  the  OH  emis¬ 
sion  in  the  polar  region  [MyrabO  ec  ai.,  1983; 
Myrabp  and  Deehr,  1 9  8-»  i  -  Intensity  variations 
of  a  factor  of  2  or  more  within  a  few  lours  are 
common.  The  intensity  versus  time  plots  often 
show  wavelike  cyclic  changes  which  shift  fre¬ 
quently  only  after  a  few  cycles  or  are  inter¬ 
rupted  by  peaks  or  step  changes.  It  is  rather 
unusual  to  see  longer  periods  (8-12  hours)  with 
low  amplitude,  smooch  variations  as  is  often  rhe 
case  at  lower  latitudes  [Serthier.  :95b;  Misawa 
and  Takeuchi.  1 9 7 8 ] . 

Figure  3  shows  a  typical  example  of  the  inten¬ 
sity  variation  with  time  during  a  ID-hour  period 
from  December  25-26,  1982.  It  seems  reasonable 
to  believe  that  these  variations  are  associated 
with  gravity  waves.  Normally,  little  or  no 
correlation  is  observed  between  the  intensity 


Fig.  I.  Examples  of  spectra  averaged  for  30  min 
during  quiet  conditions  (top)  and  during  moderate 
auroral  conditions  (bottom). 


83 


1686 


Myrabb  et  ai. -  Midwinter  Intensities  or  Night  Airglow 


Fig.  Z.  Histogram  showing  the  distribution  In  UT 
of  the  spectra  used  In  calculating  the  absolute 
intensities  of  the  O2  (0-1)  atmospheric  band. 


variations  of  the  0j  (0-1)  band  and  those  of  the 
OH  emissions  which  are  thought  to  be  about  3-10 
km  lower  in  the  atmosphere  (i.e.,  at  the  me9o- 
pause),  even  if  a  time  shift  is  introduced  (see 
also  Myrabb  et  al.  [1984b]).  An  example  of  two 
subsequent  spectra,  including  both  the  (0-1) 
band  and  the  OH  (6-2)  P  branches,  is  shown  in 
Figure  4.  A  70-80Z  decrease  is  seen  in  Che  O2 
(0-1)  band  intensity,  while  no  change  is  seen  in 
the  OH  intensity.  Simultaneous  observations  of 
the  OH  (6-2)  Intensity  snd  temperature  and  the  0j 
(0-1)  band  intensity  ace  given  in  Figure  5, 
showing  the  lack  of  correlation  between  the  two 
emissions. 


According  to  Weinstock  [ 1978 ], t temperature  and 
intensity  variations  of  the  0 2  (b  £*)  airglow 
emission  need  not  always  correlate  during  Che 
passage  of  gravity  waves.  Observations  by  Noxon 
[ 1978 ]  3how  examples  of  this.  The  intensity 
variation  may  be  both  phase-shifted  and  have  a 
much  smaller  amplitude  as  compared  to  the  temper¬ 
ature  fluctuations.  A  complete  correlation 


between  OH  temperature  or  intensity  and 
(b  £*)  intensity  should  therefore  not  be  ex¬ 
pected  during  passage  of  gravity  waves  through 
both  emission  layers.  However,  a  higher  degree 
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Fig.  3.  Typical  example  of  the  intensity  varia¬ 
tion  of  the  02  (0-1)  atmospheric  band  as  obtained 
during  a  14-hour  period  from  December  25-26,  1982. 


or  correspondence  cnan  is  actually  observed 
should  be  expected  if  the  intensity  variations 
in  the  two  night  airglow  emissions  largely  are 
caused  by  the  sane  gravity  waves  traveling  from 
below  throughout  the  mesopause  region  to  at  least 
above  95  km.  T^e  OH  temperature  and  0;  (3-1) 
oana  intensity  >du.uuii«  >avum  ..ten  »>.u«  ap¬ 
proximately  Che  same  active  periods  and  quiet 
periods.  This  is  normally  not  seen,  which  sup¬ 
ports  the  view  that  the  wavelike  variations  of 
the  two  airglow  emissions  might  have  two  differ¬ 
ent  origins. 

If  gravity  waves  were  to  break  m  the  95-95  itm 
neight  region,  they  would  dissipate  most  of  their 
energy  here  and  cause  a  very  complicated  and  dis¬ 
turbed  density  and  temperature  pattern  [Holton, 
1979).  Gravity  waves  due  to  auroral  activity 
above  the  100-km  region  travel  downward  and  could 
affect  the  O2  (0-1)  emission  more  strongly  chan 
the  OH  emission  [Frederick,  1979].  On  this  basts 
a  hypothesis  may  be  put  forward  chat  variations 
in  OH  emissions  are  affected  by  gravity  waves 
from  below,  i.e.,  from  lower  atmospheric  and 
tropospheric  phenomena,  while  variation  in  che  Oj 
(0-1)  atmospheric  band  «re  affected  bv  gravity 
waves  originating  from  above,  i.e.,  from  auroral- 


WAVELENGTH  (A) 

Fig.  4.  Two  consecutive  30-min  spectra  of  the 
8340-87<»0  4  region  showing  an  almost  I0GZ  de¬ 
crease  in  che  O2  (0-1)  band,  while  the  OH  emis¬ 
sion  Is  left  unchanged. 
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Fig.  5.  The  15-min  average  intensities  of  the 
OH  (6-2)  band  and  the  O2  (0-1)  atm  band  obtained  on 
December  17,  1982,  froa  Longyearbyen. 


ly  related  phenomena.  Seen  f^oa  a  dynamical 
point  of  view,  chis  would  divide  the  polar  upper 
atmosphere  in  two  height  regions,  i.e.,  below 
85-90  ka  and  above  90-95  ka,  dominated  from  below 
and  above  respectively,  by  breaking  gravity  waves 
wlt(j  a  turbulent-free  mesopause  region  in  between. 
This  picture  also  fits  with  rocket  measurements 
from  Anddya  (69*N)  of  the  turbulence  in  the 
80-100  km  region  as  recorded  during  the  MAPV1NE 
campaign  1983/1984  (T.  A.  Bllx,  private  consnuni- 
cation,  1984). 

3. 2.  Diurnal  and  Semidiurnal  Variations 

The  large,  Irregular  intensity  variations  with 
periods  less  than  24  hours  mask  any  diurnal  or 
semi  diurnal  variations  in  any  single  24-hour 
period.  In  order  to  bring  out  these  daily  varia¬ 
tions  we  have  used  a  superimposed  epoch  method, 
employing  all  of  the  absolute  Intensity  data  for 
the  20-day  period  between  December  6  and  December 
26,  1982.  Figure  6  gives  the  result,  showing  a 
semidiurnal  intensity  variation  of  the  O2  (0-1) 
atmospheric  band  with  an  amplitude  variation  of 
approximately  ± 1 5Z  from  the  average,  a  semi¬ 
diurnal  tide  curve  has  been  fitted  to  the  data 


following  the  method  of  PetitdiJier  and  Teitelbaum 
[ I977J-  The  best  fit  curve  gives  maximum  and 
minimum  of  the  emission  intensity  at  1600  '.'T  and 
2200  'JT.  Universal  time  and  local  solar  time 
differs  only  by  about  20-30  min,  which  places  the 
position  of  the  maxima  and  minima  as  expressed  In 
local  solar  time  (LST)  at  approximately  0400  and 

As  seen  in  Figure  6,  there  is  no  sign  of  a 
diurnal  variation.  To  test  thia  further,  Fourier 
analysis  of  the  data  was  undertaken.  No  diurnal 
component  larger  chan  £3-*"  appeared  in  the 
Fourier  spectra.  Mullen  ec  al.  !  1 9 7 T  *  roune  no 
diurnal  variation  in  the  01  5577  4  nightgiow  at 
Thule  ( 77"N)  larger  chan  £52. 

Myrabd  [1984]  and  MyrabO  and  Deehr  [1984] 
found  no  diurnal  variation  in  the  OH  rotations* 
temperature  and  in  the  OH  Intensity  larger  than 
M  '<  and  £$fc,  respectively .  The  absence  of  a 
diurnal  variation  In  the  0*  (0-1)  atmospheric 
band  intensity  is  therefore  not  surprising.  A 
negligible  diurnal  tide  effect  In  the  80-100  km 
region  at  extreme  high  latitudes  seems  therefore 
to  be  established.  This  Is  contrary  to  the  model 
calculations  of  Forbes  [1982]  but  agrees  with 
Beer  [1975]  and  Splzzichino  [1970].  According  to 
Teitelbaua  and  Blamont  [1975]  and  Splzzichino 
[1969],  the  first  diurnal  mode  effectively  inter¬ 
act*  with  gravity  waves.  Averaging  over  several 
days  cancels  the  diurnal  mode.  The  short  time 
behavior  of  the  intensity  variations  also  (see 
section  3.1)  indicates  strong  gravicy  wave  acti¬ 
vity  which,  in  connection  with  the  above  hypothe¬ 
sis,  should  explain  the  absence  of  Che  first 
diurnal  tide  mode. 

Mullen  et  al.  [1977]  also  failed  to  find  any 
semidiurnal  tide  component  at  the  100-ko  level. 
However • .recent  OH  observations  from  Spitsbergen 
[Myrabd,  1984;  Myrabd  and  Deehr,  1984]  have 
revealed  a  dominant  semidiurnal  tide  component 
both  in  the  rotacional  temperature  and  emission 
intensity  data.  The  semidiurnal  variations  in 
Che  (0-1)  atmospheric  band  intensity  found 
here  confirms  the  presence  of  a  dominant  semi¬ 
diurnal  tide  at  extreme  high  latitudes,  at  least 
in  the  85-95  km  region.  However,  the  amplitude 
of  the  tidal  component  is  slightly  weaker  than 
normally  found  for  the  (0-1)  band  and  the 
[01]  5577  4  sc  mid  and  high  latitudes  [Brentoo 
and  Silverman,  1970;  Petitdidler  and  Teite'bauc., 


Fig.  6.  Hourly  mean  intensities  superposed  for 
each  24-hour  period  in  UT  for  the  20  days  from 
December  6  to  December  26,  1982.  The  semidiurnal 
trend  is  indicated  by  a  solid  line  with  the 
minima  and  maxima  marked  by  short  arrows.  Longer 
arrows  mark  local  geomagnetic  and  solar  nooo. 


oat  turn  If  a 

Pig.  7.  Six-hour  average  O2  (Q-l)  band  absolute 
intensities  at  78°N  during  the  1982/  1983  KNSA 
Expedition.  Winter  solstice  is  indicated. 
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1 9 7 7 1 .  The  time  for  Che  maxima  and  minim*  fits 
very  well  with  the  calculations  of  Petltdidier 
and  Teitelbaum  [1977],  which  predicts  a  maximum 
intensity  of  the  green  line  at  100-km  height 
to  occur  around  0130  local  time  for  winter  condi¬ 
tions  at  45*N.  A  shift  of  the  emitting  layer  of 
6-7  km,  l.e. ,  around  93-94  km  which  is  a  reason¬ 
able  height  for  the  02  (0-1)  band  [Deans  et  al. , 
1976],  leads  co  the  maximum  occurring  2  to  2  1/2 
hours  later  [Petltdidier  and  Teitelbaum,  1977]. 
This  is  very  close  to  the  maximum  seen  in  Figure 
6.  The  calculations  of  Petltdidier  and 
Teitelbaum  also  agree  very  well  with  experimental 
[01]  5577  A  data  from  mid-latitudes  [Brenton  and 
Silverman,  1970]. 

3.3.  Seasonal  and  Day-to-Day  Variation 

Six-hour  mean  Intensities  have  been  obtained 
by  averaging  30-mln  spectra.  A  minimum  of  three 
30-min  spectra  were  used  to  calculate  each  6-hour 
mean.  Normally,  6  to  12  spectra  were  used. 

Figure  7  shows  the  resulting  intensity  versus 
time  plots.  The  pattern  la  the  day-to-day  varia¬ 
tions  is  similar  to  chat  found  for  the  [01] 

5577  A  Hq«  at  Thule  by  Mullen  et  al.  [  1977]  and 
Chat  by  Ismail  and  Cogger  [1982]  from  the  ISIS  2 
data.  It  is  characterized  by  irregular  peaks 
with  intensity  variations  up  to  a  factor  of  5  or 
more  In  a  few  days.  The  largest  6-hour  mean 
found  in  the  O2  (0-1)  atmospheric  band  Is  1125  R 
and  the  lowest  value  is  165  R  with  a  seasonal 
average  of  570  R  t  60  R.  The  seasonal  average 
is  slightly  larger  than  that  reported  for  a 
shorter  period  by  Myrabd  et  al.  [1984b]. 

In  the  data  from  Thule  of  the  [Oi’,  5577  l> 
line,  Mullen  et  al.  [1977]  found  a  corralation 
between  Interplanetary  magnetic  field  polarity, 
l.e.,  "away"  or  "toward"  sectors  corresponding  to 
Bx  positive  or  negative  and  By  negative  or  posi¬ 
tive,  and  increasing  and  decreasing,  respectively, 
[01]  5577  A  nightglow  trend-  Such  a  correlation 
Is  not  clear  in  this  data  set,  as  both  an  in¬ 
creasing  and  decreasing  trend  is  found  for  posi¬ 
tive  interplanetary  magnetic  field  polaricy.  It 
might  be  pointed  out  Chat  day  344-345  (December 
10-11)  and  January  I— 1 0  were  disturbed  periods 
and  Chat  both  these  periods  show  pronounced 
maxima  in  the  O2  (0-1)  intensity,  although  the 
latter  may  be  partly  associated  with  a  strato¬ 
spheric  warming  event. 

From  the  ISIS  2  data,  Ismail  and  Cogger  [1982] 
see  an  enhanced  level  of  polar  [01]  5577  A  night- 
glow  emission  during  stratospheric  warming  events. 
Unfortunately,  the  time  interval  covered  by  our 
data  sec  only  contains  one  stratospheric  warming 
event  around  year's  end.  In  the  satellite  data 
for  the  polar  area,  there  Is  a  warming  tendency 
on  January  6-8,  1983,  chat  only  reaches  che  4- 
mbar  level  [Naujokat  et  al. ,  1983;  Myrab^  et  al. , 
1984b].  Unfortunately,  due  Co  severe  storms  and 
full  moon  conditions,  we  have  a  large  gap  in  our 
data  Just  in  this  period.  However,  a  very  steep 
increase  in  the  O2  (0-1)  atmospheric  band  Inten¬ 
sity  is  seen  between  January  2  and  January  10 
which  may  be  associated  with  the  stratospheric 
event  of  January  6-8. 

Ismail  and  Cogger  [1982]  found  a  pronounced 
minimum  in  che  [01]  5577  A  line  in  the  southern 
hemisphere  during  winter  solstice.  A  similar 
tendency  should  be  expected  for  the  O2  (0-1) 
atmospheric  band;  however,  we  do  not  find  s  pro¬ 


nounced  minimum  in  che  emission  of  che  "n  ,0-!) 
atmospheric  band  during  winter  solstice.  3ut  on 
Che  other  hand,  northern  [01]  5577  A  hemisphere 
night  airglow  daca  from  Thule  (77BN)  during  three 
lone  -  *_  .  J  h  C  - 

no  clear  minimum  around  winter  solstice.  Indeed 
che  results  by  Ismail  and  Cogger  from  che  north¬ 
ern  hemisphere  are  not  conclusive.  Thus  the 
result  from  Ismail  and  Cogger  showing  the  clear 
minimum  in  the  southern  hemisphere  where  there  is 
no  midwinter  sudden  stratospheric  warming,  indi¬ 
cates  chat  che  lack  of  seasonal  effect  in  the 
northern  hemisphere  may  be  due  to  the  effect  of 
the  stratospheric  warming. 

The  day-to-day  dynamical  behavior  in  our  Qj 
(0-1)  atmospheric  data  shows  the  same  type  of 
pattern  as  seen  In  the  [01]  5577  A  night  airglow 
from  che  northern  polar  region  [Mullen  et  al. , 
1977]  during  winter  solstice,  l.e.,  large  irregu¬ 
lar  variations.  This  type  of  behavior  therefore 
seems  to  be  common  both  for  the  OR,  [01]  557^  A 
line  and  the  O2  (0-1)  atmospheric  band  night  air¬ 
glow  in  the  northern  polar  region.  It  is  differ¬ 
ent  from  the  normal  morphological  pattern  of  the 
night  airglow  at  lower  latitudes  and  is  therefore 
reasonable  to  connect  to  che  dynamical  situation 
of  che  polar  atmosphere  In  the  80-110  km  region 
[Myrabd  et  al. , 1983,1984b;  Myrabd  and  Deehr.1984;. 

We  think  that  these  Irregular  variations  are 
partly  connected  to  temporal  and  spatial  varia¬ 
tions  in  the  occurrence  of  gravity  waves  and 
their  interactions  with  che  zonal  winds  in  Che 
stratosphere  aad  che  mesosphere.  Model  calcula¬ 
tions  by  S.  Soloman  (private  communication,  1984) 
using  a  chemical-dynamical  model  including  gravi¬ 
ty  wave  parameterization  [hindzen,  1981;  Holton, 
1983]  have  shown  how  che  [01]  5577  A  night  air¬ 
glow  spring  maximum  at  high  latitude  reported  by 
Cogger  et  al.  [1981]  can  be  reproduced  in  the 
model  as  a  direct  result  of  the  seasonal  varia¬ 
tion  in  the  propagation  and  breaking  of  gravity 
waves  and  the  associated  diffusion  of  odd  oxygen. 
Thus  the  maximum  ia  the  [01]  intensity  is  pro¬ 
duced  as  a  result  of  the  final  warming  of  the 
stratosphere  and  corresponding  cooling  of  the 
aesopause  region.  Similarly,  one  would  expect 
smaller-scale  and  local  gravity  wave  blocking  by 
zonal  winds  to  result  In  shorter  periods  cooling 
of  the  mesopause  and  possibly  enhanced  night 
airglow  levels  in  the  altitude  regions  affected. 

Such  enhanced  levels  of  the  night  airglow 
resulting  In  gravity  wave  interaction  and  su  .en 
stratospheric  warmings  or  minor  warmings  could 
also  explain  Che  lack  of  a  clear  minima  during 
solstice  in  the  northern  hemisphere  night  airglow 
as  compared  to  southern  hemisphere  where  sudden 
warmings  during  midwinter  do  not  occur  [labltzke, 
1977]. 


3.4.  On  atm  (0-1)  Intensities 

The  seasonal  mean  value  of  570  R  i  60  R  found 
here  for  che  On  (0-1)  atmospheric  band  also 
appears  rather  large  aa  seen  from  a  photochemical 
point  of  view;  l.e.,  the  poLar  cap  is  for  moat  of 
the  winter  solstice  period  without  solar  irradi- 
ance  at  the  95-ka  level.  This  should  cause 
little  or  no  photoexcitation  of  Oj  into  excited 
states  [Moreels  et  al . ,  1977].  The  presence  of  a 
strong  (0-1)  atmospheric  emission  therefore 
requires  other  sources  for  exciting  the  On  mole- 
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cules.  Vertical  and  horizontal  transport  of  odd 
oxygen  is  such  a  candidate. 

One  may  also  compare  the  observed  0^  (0-1) 

density  assuming  the  Chapman  reaction  to  be 
responsible  for  the  emission  [Wallace  and  Huncen, 
1968;  Deans  ec  al.,  1976],  t.e., 

0  ♦  0  »  .1  »  02  <b‘l*)  »  ^  (1) 

Different  reaction  rates  have  been  used.  It 
is  well  known  [Wallace  and  Kunten,  1968)  that  the 
laboratory  obtained  reaction  rate  by  Young  and 
Black  [1965]  is  not  sufficient  to  account  for  the 
observed  emission  rates.  Assuming  Che  reaction 
rate  coefficient  given  by  Barth  [1961]  or  almost 
equivalent  by  Campbell  and  Trush  [1967]  (taking 
Che  neutral  temperature  to  be  220  K  at  95  km) ; 
one  may  derive  an  approximate  expression  for  the 
average  oxygen  atom  nur  er  density  over  the 
emission  height: 

[0|2  .  (I  f/k[M]  w)  (2) 


Kor  the  (0-1)  band  I  Is  the  observed  emission 


race  of  the  (0-1)  band  in  photons  cm' 


,-3  9-i 


f  is 


the  ratio  between  the  total  atmospheric  bands 
emission  and  the  (0-1)  band,  taken  to  be  20  [Dean 
ec  al.,  1976);  [M]  is  the  number  density  of  M2  at 
95  km,  taken  to  be  4  x  1013  cm"3  (CIRA,  1972);  w 
is  the  half  width  of  the  (0-1)  atmospheric  band  In 
centimeters,  taken  to  be  15  km  [Deans  et  al. , 

19761;  and  k  is  the  ceactlon  rate  coefficient 
from  Barth  [1961],  k  «  8  x  10"33  cm3  s'1.  Using 
equation  (2)  and  the  above  values,  one  arrives  at 
an  average  oxygen  atom  number  density  of  -1.5  x 
10^1  cm-3  for  the  emission  intensity  of  570  R. 

For  the  emission  race  1590  R  Che  corresponding  0 
number  density  is  4.2  x  10^  co-^.  Both  these 
numbers  are  well  within  observed  0  number  densi¬ 
ties  for  the  high-latitude  midwinter  90-100  km 
region  [Thomas,  1980;  Mullen  et  al. ,  1977].  In 
Che  above  estimation,  quenching  is  not  taken  into 
account,  but  it  is  reasonable  that  even  If  quench¬ 
ing  is  taken  into  account,  Che  number  density 
will  stay  well  below  10^-  cm"3,  which  is  a  large 
but  not  unreasonably  large  number  density  of  [0]  at 
90-100  km  for  a  shorter  period  of  time  [Mullen  et 
al.,  1977], 


4.  Summary 

The  O2  (0-1)  atmospheric  band  In  the  night 
airglow  has  been  observed  from  near  Longyearbyen, 
Svalbard  (78°N)  during  a  2-month  period  around 
winter  solstice  using  spectrophotometrlc  equip¬ 
ment.  The  raw  data  were  recorded  with  a  spectral 
resolution  of  7  A  which  clearly  resolved  the  R 
and  P  branches  but  not  the  rotational  structure 
within  the  branches.  Absolute  intensities  have 
been  calculated  from  30-min  averages  of  the 
emission  spectra,  and  a  mean  O2  (0-1)  atmospheric 
band  intensity  of  570  R  t  60  R,  ranging  from 
110  R  to  1590  R,  is  found.  No  clear  intensity 
maximum  or  minimum  around  solstice  is  observed, 
but  comparison  with  other  data  indicates  chat 
this  may  be  due  to  intensity  increases  associated 
with  mid  winter  stratospheric  warmings.  A  semi¬ 
diurnal  tide  exponent  giving  rise  to  a  25-302 
intensity  variation  of  the  O2  (0-1)  atmospheric 
band  emission  is  present  in  the  data.  Maxima  and 
minima  are  found  to  occur  at  about  0400  and  1000 
local  time,  respectively.  Mo  diurnal  tide  compo¬ 


nent  larger  tnan  S3— .I  is  present  in  me  data. 

The  day-to-day  and  snort  cine  variations  both  show 
a  quasi-irregular  wave  and  pea*,  like  pattern. 


between  variations  in  the  OH  and  (0-1)  atmo¬ 
spheric  band  emissions.  We  believe  therefore 
that  che  short  time  variations  seen  in  the 
(0-1)  band  are  connected  with  turbulence  and 
breaking  gravity  waves  directed  from  above  and 
associated  with  auroral  phenomena.  The  OH  varia¬ 
tions  seem  to  be  influenced  by  turbulence  con¬ 
nected  with  breaking  gravity  waves  from  che  lower 
atmosphere  and  troposphere.  Further  observations 
of  3H  and  02  (0-1)  band  intensities  and  tempera¬ 
tures  are  needed  to  verify  this  hypothesis.  One 
should  also  consider  che  possibility  of  using  the 
night  airglow  [01]  SB?’  A  line  at  about  100  km 
as  an  additional  indicator  of  speed  and  phase  j I 
gravity  waves. 
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ABSTRACT 

The  02  (0-1)  atm  band  night  airglow  has  been  observed  from  the 
ground  near  Longyearbyen  (73°N)  during  the  1983/84  winter  solstice 
period.  The  2V5  months  of  observations  show  no  minimum  in  the  emission 
around  winter  solstice,  but  rather  large  variations  with  enhancements 
lasting  for  days.  An  average  atomic  oxygen  concentration  at  the  95  km 
level  of  1.5  x  10“  cm*5  is  deduced  from  the  average  emission  inten¬ 
sity  of  405R.  The  absence  of  a  clear  minimum  in  the  oxygen  con¬ 
centration  during  the  northern  polar  winter  solstice  period,  as  com¬ 
pared  to  the  southern  polar  region,  is  believed  to  reflect  differences 
in  the  circulation  and  transport  in  the  upper  mesosphere  and  lower 
thermosphere. 


1  INTRODUCTION 


The  height  interval  80-120  km  is  an  important  region  of  the  upper 
atmosphere.  It  contains  the  transition  region  between  the  ionosphere 
and  the  lower  neutral  atmosphere,  i  e,  from  conditions  of  diffusive 
separation  to  a  well-mixed  mesosphere.  Gravity  waves  from  below 
(generated  in  the  troposphere)  and  from  above  '(in  connection  with 
auroral  activity)  are  believed  to  break  in  this  region  and  deposit  a 
considerable  amount  of  energy,  causing  enhanced  eddy  diffusion  flux 
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and  affecting  the  chemistry  (Ebel,  1985;  Myrabe  et  al,  1986).  At  high 
latitudes  the  80-120  km  region  is  known  to  undergo  large  temperature 
changes  (cooling)  and  disturbances  in  the  circulation  associated  with 
stratospheric  warming  events  (Labitzke  et  al,  1985;  Matsuno,  1971; 
Myrabe  et  al ,  1984).  The  atmospheric  atomic  oxygen  concentration 
peaks  at  this  altitude  (Murphree  et  al ,  1984). 

Night  airglow  emissions  originating  from  atomic  and  molecular  oxy¬ 
gen  have  been  extensively  used  to  monitor  the  oxygen  concentration  and 
to  study  transport  processes  and  chemistry  of  the  upper  atmosphere 
(Dufay,  1959;  Silverman,  1970;  Petitdidier  and  Teitelbaum,  1977; 

Cogger  et  al ,  1981).  However,  most  of  this  work  has  been  concentrated 
at  mid-  and  low-latitudes.  Recently  Elphinstone  et  al  (1984)  utilized 
a  large  data  base  of  ISIS  2  01  5577A  limb  scans  to  construct  a  global 
circulation  model  of  the  80-120  km  region  consistent  with  the  airglow 
data.  Only  latitudes  less  than  40°  were  included. 

At  high  latitudes  both  the  01  5577A  and  the  0.,  bl  Zg  emissions 
might  be  used  to  monitor  the  peak  oxygen  concentration,  transport  and 
dynamics  of  the  80-120  km  region  (Murphree  et  al ,  1984;  Deans  et  al , 
1976,  Myraba  et  al ,  1986).  Night  airglow  measurements  of  these 
emissions  are  sparse  in  the  polar  regions.  Except  for  the  obser¬ 
vations  by  Myrabe  et  al ,  (1986),  they  are  based  on  photometric  data 
and  thus  may  have  a  higher  risk  of  auroral  contamination  (both 
emissions  also  occur  In  the  aurora).  Ground  based  photometric  obser¬ 
vations  of  the  01  5577A  line  from  Thule  (76°N)  have  been  reported  by 
Mullen  et  al  (1977).  Results  from  Antarctica,  utilizing  ISIS  2  01 
5577A  limb  scans  are  given  by  Ismail  and  Cogger  (1982).  A  clear 
winter  solstice  minimum  is  seen  in  the  Antarctica  data,  wh.le  the 
Thule  observations  are  characterized  by  large  amplitude  irregular 
variations  lasting  for  periods  of  days  to  weeks  (Mullen  et  al ,  1977). 
Recently  Myrabe  et  al  (1986)  reported  similar  irregular  behaviour  of 
the  02  (0-1)  atm  band  (1  e,  02  (b1  Z*  g  -  X’  I'  g) )  emission  during 
winter  solstice  at  78°N.  A  possible  seasonal  trend  around  winter 
solstice  could  not  be  clarified  due  to  a  rather  short  (38  days) 
observing  period.  New  02  (0-1)  atm  band  night  airglow  emission  data 
from  Spitsbergen  (78°N)  covering  a  214  month  period  around  winter 
solstice,  is  consistent  with  the  01  5577A  Thule  observations,  clearly 
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showing  that  the  northern  polar  region  has  no  winter  minimum  in  the 
oxygen  concentration. 


2  OBSERVATIONS 

The  0^  (0-1)  atm  band  emission  were  observed  from  near  Longyear- 
byen  on  West  Spitsbergen  (78.4°N;  15°E)  during  the  1983/84  Multi- 
National  Svalbard  Auroral  Expedition  (Deehr  et  al ,  1980).  The 
spectral  region  from  8235  to  8585A  was  scanned  in  12  seconds  employing 
aHH  Ebert-Fastie  spectrophotometer  pointing  towards  the  zenith.  A 
band-width  of  7 A  clearly  resolved  the  R  and  P  branches  of  the  0^  (0-1) 
atm  band  and  the  PI  and  P2  lines  of  the  OH  (6-2)  band.  Individual 
scans  (300)  were  summed  and  averaged  to  obtain  hourly  mean  spectra. 
Only  spectra  during  clear  weather  periods  and  with  no  auroral  features 
were  used.  The  aurora  was  monitored  by  the  01  8446A  line  present  in 
the  spectrum  (Myraba  et  al ,  1986).  An  example  of  a  typical  spectrum 
used  for  calcuating  the  02  (0-1)  atm  band  intensity  is  presented  in 
Figure  1.  The  OH  (6-2)  P-lines,  the  01  8446A  auroral  line  and  the  OH 
(7-3)  R  branches  are  Indicated  in  addition  to  the  02  (0-1)  atm  band. 
The  absolute  intensities  were  obtained  by  calibrating  the  spectropho¬ 
tometer  In  the  field,  using  a  standard  lamp  and  a  diffusion  screen 
(Hamwey,  1085).  For  the  0 2  (0-1)  atm  band  the  area  under  the  R  and  P 
branches  represent  the  absolute  intensity  (see  Figure).  The  uncer¬ 
tainty  in  the  absolute  intensity  is  estimated  to  be  20%,  mainly  due  to 
uncertainty  in  the  calibration.  The  relative  uncertainty  Is  mainly 
due  to  photon  noise  and  to  the  uncertainty  In  the  background  subtrac¬ 
tion.  This  is  less  than  5%  for  a  single  one  hour  mean.  From  the 
hourly  values  of  the  intensities,  dally  averages  were  formed.  At 
least  3  hourly  values  have  been  used  to  obtain  a  daily  average. 

A  ±  12-15%  bias  due  to  the  semi-diurnal  variation  has  been  removed, 
assuming  the  amplitude  and  phase  found  by  Myraba  et  al  (1986). 

Because  the  daily  averages  were  obtained  from  3-10  hourly  values,  the 
average  correction  was  less  than  5%.  Possible  seasonal  variations  of 
the  amplitude  and  phase  of  the  tides  should  -.herefore  not  effect  the 
result  significantly.  Probably  the  largest  uncertainty  in  the  daily 
values  are  caused  by  short  time  variations  of  the  intensity  (Myraba  et 
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Figure  1  Example  of  1  hour  of  averaged  scans  used  to  obtain  the  ab¬ 
solute  intensities  for  the  0?  (0-1)  atm  band.  The  OH  (6-2) 
P-lines,  the  auroral  01  8446A  and  the  R  branches  of  the  OH 
(7-3)  band  are  also  indicated. 

The  daily  means  of  the  0^  (0-1)  atm  band  intensities  as  obtained 
during  the  observing  period  from  25  November  1983  to  6  February  1S84 
is  presented  In  Figure  3.  The  result  from  the  1982/83,  38-days  of 
observations,  is  given  on  the  same  plot  (dashed  line)  for  comparison, 
and  as  an  extension  of  the  data  set.  Winter  solstice  is  marked  with 
an  arrow.  Figure  4  compares  the  0^  (0-1)  band  864.5  nm  night  airglow 
data  from  Spitsbergen  to  reflect  differences  in  the  dynamics  of  the 
two  regions.  The  dashed  line  indicates  the  seasonal  trend  in  the 
Antarctica  data.  Both  the  01  5577A  line  and  the  02  (0-1)  atm  band 
intensities  are  given  with  similar  relative  scales,  i  e,  one  unit 
corresponds  to  the  same  relative  variation. 
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Figure  4  The  dally  averages  of  the  O2  (0-1)  atm  band  intensities  as 
obtained  from  Longyearbyen  (78°N)  during  the  1983/84  season. 
The  Intensities  of  the  01  5577A  line  from  Antarctica  obser¬ 
vations  (ISIS  2  data)  during  winter  solstice  conditions  are 
also  plotted  (filled  triangles).  The  dashed  line  indicates 
the  seasonal  trend  for  the  Antarctica  data.  Antarctica  data 
Is  from  Ismail  and  Cogger  (1982) 


3  DISCUSSION 


3.1  The  winter  solstice  pattern  and  the  differences  between  the  two 
poles  ' 

The  01  5577A  line  and  the  0^  (0-1)  atm  band  emissions  originate  at 
about  the  same  altitude  (Greer  et  al ,  1981)  and  are  known  to  covary 
(Dufay,  1959).  As  pointed  out  In  an  earlier  paper  by  Myrabo  et  al 
(1986)  the  01  5577A  line  and  the  02  (0-1)  atm  band  emission  should 
show  the  same  seasonal  variation  and  reflect  the  atomic  oxygen  con¬ 
centration  In  the  85-105  km  region. 

From  Figure  3  It  can  be  seen  that  both  the  1982/83  and  83/84 
winter  season  at  78°N  show  Irregular  peaks  of  enhanced  02  (0-1)  atm 
band  Intensity  levels,  lasting  for  a  few  days  to  a  week  or  more.  This 


02  (0-  I)  ATM  BAND 
airglow  intensity  IRAYLCIGIIS) 
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is  very  similar  to  the  01  5577A  night  airglow  observations  from  Thule 
(76°N)  reported  by  Mullen  et  al  (1977).  It  is  also  seen  from  Figure  3 
that  there  is  no  minima  around  winter  solstice  in  the  02  (0-1)  atm 
band  emission  at  78°N.  When  the  02  (0-1)  atm  band  data  from  the 
1983/84  season  are  plotted  together  with  the  Antarctica  data  from 
Ismail  and  Cogger  (1982)  (Figure  4),  the  differences  are  easier  to 
see,  i  e,  the  02  (0-1)  atm  band  from  the  northern  hemisphere  show  much 
larger  day-to-day  variations  than  do  the  01  5577A  emission  from 
Antarctica. 

Each  of  the  filled  triangles  in  Figure  4,  1  e,  the  Antarctic  data, 
corresponds  to  averaging  of  several  limb  scans  during  a  single  pass. 
From  the  temporal  coverage  in  the  Antarctic  data  as  compared  to  the 
ground  based  observations  a  relatively  larger  scatter  should  be 
expected  in  the  Antarctic  data  than  in  the  ground  based  data.  From 
Figure  4  the  opposite  Is  seen.  If  the  day-to-day  variation  in  both 
the  01  5577A  line  and  02  (0-1)  atm  band  emissions  were  mainly  con¬ 
nected  to  auroral  activity,  one  would  expect  both  the  northern  and 
southern  polar  regions  to  show  a  simlar  type  of  behaviour.  Ismail  and 
Cogger  (1982)  have  compared  the  enhanced  01  5577A  line  emission  from 
Thule  with  30  mbar  temperatures  over  northern  Canada  and  find  a  re  1  at i 
vely  good  correlation  if  a  0  and  14  day  delay  is  allowed  for.  Myrabo 
et  al  (1984)  have  shown  that  the  mesopause  (1  e,  ~90  km)  temperatures 
are  affected  by  disturbances  in  the  circulation  pattern  at  stra¬ 
tospheric  levels  (1  e,  stratwarms).  It  Is  therefore  reasonable  to 
believe  that  the  main  part  of  the  variations  are  connected  to  cir¬ 
culation  changes  In  the  stratosphere  and  lower  mesosphere,  affecting 
the  lower  thermospheric  oxygen  concentration  and  temperature  through 
vertical  mixing  and  horizontal  transport.  The  dlfferenes  between  the 
two  poles  may  then  be  explained  as  differences  In  mid-winter  cir¬ 
culation  disturbances,  1  e,  the  northern  winter  stratosphere  is  known 
to  have  large  disturbances  while  the  southern  winter  stratosphere  has 
only  small  scale  disturbances  (Schoeberl,  1978). 

Some  of  the  enhancements  may  indirectly  be  connected  to  auroral 
activity  producing  odd  oxygen  followed  by  a  downward  transport  of  the 
oxygen  from  the  auroral  source.  The  period  8-12  January  1983  shows  a 
2-3  times  enhancement  of  the  02  (0-1)  atm  band  which  Is  closely  con¬ 
nected  to  a  period  of  high  auroral  average  activity  around  8-10 
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January.  In  order  to  enhance  the  0  atom  concentration  by  a  raio  e, 
i  e,  ~2.7,  during  a  24  hour  period  at  the  95  km  level,  assuming  down¬ 
ward  diffusion  from  110  km,  an  eddy  diffusion  coefficient, 

1)  k:  =  Ah*/T0  =  2.6  x  101  cma/sec 

is  needed.  Ah  being  the  hight  difference  and  TQ  the  time  over  which 
the  diffusion  take  place.  Thus  assuming  that  the  mechanism  for  exci¬ 
tation  of  the  02  b1!  state  of  02  is  a  two  step  process  (Torr  et  al , 
1985),  i  e, 

2)  OtO  +  H-»  02**  +  M 
fol lowed  by 

3)  02**  +  02  -  02(b*Z)  +  02 

Following  the  photochemical  scheme  and  the  model  atmosphere  given 
in  the  paper  by  Torr  et  al  (1985),  an  eddy  diffusion  coefficient  of 
the  order  of  6  x  107  cma/sec  is  needed  to  account  for  a  2.5  times 
enhancement  of  the  intensity  over  24  hours.  The  effect  of  eventually 
neglecting  the  quenching  by  oxygen  and  even  assuming  a  direct  Chapman 
mechanism  for  the  excitation  of  the  02  blZ  state  is  negligible  on  the 
deduced  oxygen  profile  below  about  97-98  km.  This  is  clearly  seen 
from  Me  Deans  et  al  (1976)  (Deans  et  al  assumed  a  direct  Chapman  exci¬ 
tation  mechanism  and  neglected  the  quenching  by  oxygen). 

The  value  6  x  107  cm'/sec  is  a  rathe--  large  eddy  diffusion  coef 
ficlent  compared  to  average  values,  mainly  quoted  around  10*  cma/sec 
(Von  Zahn  and  Herwlg,  1977).  It  is  not  unreasonably  large,  however, 
since  the  eddy  diffusion  coefficient  may  be  highly  variable  (Wein- 
stock,  1985;  Thrane  et  al ,  1985).  We  may  therefore  conclude  that 
parts  of  the  enhancement  could  be  associated  with  auroraly  produced 
oxygen.  However,  a  further  separation  of  the  sources  have  to  await 
measurements  of  several  emissions  at  different  heights,  including 
probably  both  OH,  Na,  02  (0-1)  and  01  5577A  emissions  (Myrabo  et  al , 
1987). 
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3.2  Absolute  Intensities  of  the  0?  (0-1)  atm  band  emission  and  an 
estimate  of  the  oxygen  concentration  and  its  variation 

The  mean  intensity  of  the  02  (0-1)  atm  band  for  the  1983/84  season 
was  found  to  be  405R.  Daily  averages  ranged  from  180  to  780  R  with 
lowest  and  highest  hourly  value  of  160  and  860  R,  respectively.  This 
is  slightly  lower  than  the  570  R  1982/83  seasonal  average,  but  still  a 
relatively  high  02  (0-1)  atm  band  night  alrglow  intensity  as  compared 
to  lower  latitudes  (Packer,  1961;  Deans  et  al ,  1976;  Meg i 1 1  et  al , 
1970). 

Assuming  a  two  step  process  (2)  and  (3))  to  be  responsible  for 
the  emission  and  using  the  reaction  rates  and  coefficients  given  by 
Torr  et  al,  (1985)  one  might,  to  a  first  approximation,  deduce  an 
atmospheric  oxygen  concentration  of  1.5  x  lO11  cm'1  at  95  km. 

The  highest  and  lowest  measured  intensity  corresponds  to  an  oxygen 
concentration  of  -2  x  1011  cm'1  and  -1  x  1010  cm'1,  respectively.  The 
neutral  temperatures  are  taken  to  be  220  K  for  these  estimates 
(Myraba,  1984).  Thus,  the  oxygen  concentration  may  vary  by  more  than 
1000%.  Some  of  this  variation  might,  however,  be  related  to  tem¬ 
perature  variation  as  the  excitation  of  02  (bl  2*  g)  might  be  tem¬ 
perature  dependent  (Wralght,  1982).  The  relatively  high  oxygen  con¬ 
centration  found  In  the  northern  polar  region  during  winter  solstice 
must  be  either  transported  to  the  90-100  km  region  from  outside  or 
produced  locally  by  auroral  events  and  downward  diffusion  of  oxygen, 
knowing  the  differences  In  the  behaviour  of  the  night  alrglow  02  (0-1) 
atm  band  and  the  01  5577A  line  In  the  two  polar  caps,  disturbances  in 
the  stratosphere  and  lower  mesosphere  causing  circulation  and  eddy 
diffusion  changes  In  the  mesopause  and  lower  thermosphere  region  could 
be  responsible  for  the  variation  in  the  supply  of  atomic  oxygen. 
Whether  this  supply  of  oxygen  comes  from  auroral ly  produced  oxygen  or 
from  photodissociation  of  02  In  the  sunlit  lower  latitude  atmosphere 
or  both.  Is  not  yet  known.  However,  experiments  is  prepared  to 
clarify  these  questions. 
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